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1
REPAIR AND REGENERATION OF OCULAR
TISSUE USING POSTPARTUM-DERIVED
CELLS

This application is a continuation of U.S. application Ser.
No. 12/054,718, filed Mar. 25, 2008, which is a continuation-
in-part of U.S. application Ser. No. 10/877,541, filed Jun. 25,
2004, which issued as U.S. Pat. No. 7,413,734, on Aug. 19,
2008, which claims priority to U.S. Provisional Application
No. 60/483,264, filed Jun. 27, 2003, the entire contents of
each of which are incorporated by reference herein.

FIELD OF THE INVENTION

This invention relates to the field of cell-based or regen-
erative therapy for ophthalmic diseases and disorders. In par-
ticular, the invention provides pharmaceutical compositions,
devices and methods for the regeneration or repair of cells and
tissues of the eye, using postpartum derived cells.

BACKGROUND

Various patents and other publications are referred to
throughout the specification. Each of these publications is
incorporated by reference herein, in its entirety.

As a complex and sensitive organ of the body, the eye can
experience numerous diseases and other deleterious condi-
tions that affect its ability to function normally. Many of these
conditions are associated with damage or degeneration of
specific ocular cells, and tissues made up of those cells. As
one example, diseases and degenerative conditions of the
optic nerve and retina are the leading causes of blindness
throughout the world. Damage or degeneration of the cornea,
lens and associated ocular tissues represent another signifi-
cant cause of vision loss worldwide.

The retina contains seven layers of alternating cells and
processes that convert a light signal into a neural signal. The
retinal photoreceptors and adjacent retinal pigment epithe-
lium (RPE) form a functional unit that, in many disorders,
becomes unbalanced due to genetic mutations or environ-
mental conditions (including age). This results in loss of
photoreceptors through apoptosis or secondary degeneration,
which leads to progressive deterioration of vision and, in
some instances, to blindness (for a review, see, e.g., Lund, R.
D. et al. 2001, Progress in Retinal and Eye Research 20:
415-449). Two classes of ocular disorders that fall into this
pattern are age-related macular degeneration (AMD) and
retinitis pigmentosa (RP).

AMD is the most common cause of vision loss in the
United States in those people whose ages are 50 or older, and
its prevalence increases with age. The primary disorder in
AMD appears to be due to RPE dysfunction and changes in
Bruch’s membranes, characterized by, among other things,
lipid deposition, protein cross-linking and decreased perme-
ability to nutrients (see Lund et al., 2001 supra). A variety of
elements may contribute to macular degeneration, including
genetic makeup, age, nutrition, smoking and exposure to
sunlight.

AMD is broadly divided into two types. In the exudative-
neovascular form, or “wet” AMD, which accounts for 10% of
all cases, abnormal blood vessel growth occurs under the
macula. These blood vessels leak fluid and blood into the
retina and thus cause damage to the photoreceptors. The
remaining 90% of AMD cases are the nonexudative, or “dry”
form. In these patients there is a gradual disappearance of the
retinal pigment epithelium (RPE), resulting in circumscribed
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areas of atrophy. Since photoreceptor loss follows the disap-
pearance of RPE, the affected retinal areas have little or no
visual function.

For example, Radeke, M. et al state “Macular degeneration
is a blinding disease caused by the death of the photoreceptor
cells in that part of the retina known as the macula (Radeke M
et al, 2007). Radeke, M. et al further state, “Photoreceptors
are critically dependent upon the RPE cells for their own
survival” (Radeke M et al, 2007).

Current therapies for AMD involve procedures, such as, for
example, laser therapy and pharmacological intervention. By
transferring thermal energy, the laser beam destroys the leaky
blood vessels under the macula, which slows the rate of vision
loss. A disadvantage of this approach, however, is that the
high thermal energy delivered by the beam also destroys
healthy tissue nearby. Neuroscience 4” edition, (Purves, D, et
al 2008) states “Currently there is no treatment for dry AMD.”

RPE transplantation, following excision of choroid
neovascularization is also one potential cell-based therapy for
AMD. However, this has been unsuccessful in humans. For
example, Zarbin, M, 2003 states, “With normal aging, human
Bruch’s membrane, especially in the submacular region,
undergoes numerous changes (e.g., increased thickness,
deposition of ECM and lipids, cross-linking of protein, non-
enzymatic formation of advanced glycation end products).
These changes and additional changes due to AMD could
decrease the bioavailability of ECM ligands (e.g., laminin,
fibronectin, and collagen IV) and cause the extremely poor
survival of RPE cells in eyes with AMD. Thus, although
human RPE cells express the integrins needed to attach to
these ECM molecules, RPE cell survival on aged submacular
human Bruch’s membrane is impaired”.

RP is mainly considered an inherited disease, with over
100 mutations being associated with photoreceptor loss (see
Lund et al., 2001, supra). Though the majority of mutations
target photoreceptors, some affect RPE cells directly.
Together, these mutations affect such processes as molecular
trafficking between photoreceptors and RPE cells and pho-
totransduction, for example.

Other less common, but nonetheless debilitating retinopa-
thies can also involve progressive cellular degeneration lead-
ing to vision loss and blindness. These include, for example,
diabetic retinopathy and choroidal neovascular membrane
(CNVM).

Diabetic retinopathy may be classified as (1) non-prolif-
erative or background retinopathy, characterized by increased
capillary permeability, edema, hemorrhage, microaneu-
rysms, and exudates, or 2) proliferative retinopathy, charac-
terized by neovascularization extending from the retina to the
vitreous, scarring, fibrous tissue formation, and potential for
retinal detachment.

In CNVM, abnormal blood vessels stemming from the
choroid grow up through the retinal layers. The fragile new
vessels break easily, causing blood and fluid to pool within the
layers of the retina.

Damage or progressive degeneration of the optic nerve and
related nerves of the eye constitutes another leading cause of
vision loss and blindness. A prime example is glaucoma, a
condition of the eye that is made up of a collection of eye
diseases that cause vision loss by damage to the optic nerve.
Elevated intraocular pressure (TOP) due to inadequate ocular
drainage is a primary cause of glaucoma, but it can also
develop in the absence of elevated IOP. Glaucoma can
develop as the eye ages. It canalso occur as the result of an eye
injury, inflammation, tumor, or in advanced cases of cataract
or diabetes, or it can be caused by certain drugs, such as, for
example, steroids. The primary features of the optic neuropa-
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thy in glaucoma include characteristic changes in the optic
nerve head, a decrease in number of surviving retinal gan-
glion cells, and loss of vision. It has been proposed that a
cascade of events links degeneration of the optic nerve head
with the slow death of retinal ganglion cells observed in the
disease, and that this cascade of events can be slowed or
prevented through the use of neuroprotective agents (Osborne
et al., 2003, Eur. J. Ophthalmol. 13 (Supp 3): S19-S26).

Cellular damage and degenerative conditions also affect
other parts of the eye. For example, cataracts result from
gradual opacification of the crystalline lens of the eye. It is
believed that once begun, cataract development proceeds
along one or more common pathways that culminate in dam-
age to lens fibers. This condition is presently treated by sur-
gical removal and replacement of the affected lens. Another
example concerns the cornea and surrounding conjuctiva that
make up the ocular surface. The limbal epithelium, located
between the cornea and the bulbar conjuctiva, contains cor-
neal epithelial stem cells. Limbal epithelial cell deficiency
(LECD) is a condition that occurs, for example, in Stevens-
Johnson syndrome and thermal or chemical burns. LECD
often leads to an imbalance between the corneal epithelium
and the conjunctival epithelium in which the cornea is cov-
ered by invading conjunctival epithelial cells, which severely
compromises the corneal surface and affects visual acuity
(Nakamura, T. & Kinoshita, S., 2003. Cornea 22 (Supp. 1):
S75-S80).

The recent advent of stem cell-based therapy for tissue
repair and regeneration provides promising treatments for a
number of aforementioned cell-degenerative pathologies and
other ocular disorders. Stem cells are capable of self-renewal
and differentiation to generate a variety of mature cell lin-
eages. Transplantation of such cells can be utilized as a clini-
cal tool for reconstituting a target tissue, thereby restoring
physiologic and anatomic functionality. The application of
stem cell technology is wide-ranging, including tissue engi-
neering, gene therapy delivery, and cell therapeutics, i.e.,
delivery of biotherapeutic agents to a target location via exog-
enously supplied living cells or cellular components that pro-
duce or contain those agents (For a review, see, for example,
Tresco, P. A. et al., 2000, Advanced Drug Delivery Reviews
42:2-37).

An obstacle to realization of the therapeutic potential of
stem cell technology has been the difficulty in obtaining
sufficient numbers of stem cells. One source of stem cells is
embryonic or fetal tissue. Embryonic stem and progenitor
cells have been isolated from a number of mammalian spe-
cies, including humans, and several such cell types have been
shown capable of self-renewal and expansion, as well differ-
entiation into a variety of cell lineages. In animal model
systems, embryonic stem cells have been reported to differ-
entiate into a RPE cell phenotype, as well as to enhance the
survival of host photoreceptors following transplantation
(Haruta, M. et al., 2004, Investig. Ophthalmol. Visual Sci. 45:
1020-1025; Schraermeyer, U. et al., 2001, Cell Transplanta-
tion 10: 673-680). But the derivation of stem cells from
embryonic or fetal sources has raised many ethical issues that
are desirable to avoid by identifying other sources of multi-
potent or pluripotent cells.

Adult tissue also can yield stem cells usetful for cell-based
ocular therapy. For instance, retinal and corneal stem cells
themselves may be utilized for cell replacement therapy in the
eye. In addition, neural stem cells from the hippocampus have
been reported to integrate with the host retina, adopting cer-
tain neural and glial characteristics (see review of Lund, R. L.
et al., 2003, J. Leukocyte Biol. 74: 151-160). Neural stem
cells prepared from fetal rat cortex were shown to differenti-
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ate along an RPE cell pathway following transplantation into
the adult rat subretinal space (Enzmann, V. et al., 2003, Inves-
tig. Ophthalmol. Visual Sci. 44: 5417-5422). Bone marrow
stem cells have been reported to differentiate into retinal
neural cells and photoreceptors following transplantation into
host retinas (Tomita, M. et al., 2002, Stem Cells 20: 279-283;
Kicic, A. etal., 2003, J. Neurosci. 23: 7742-7749). An ocular
surface reconstruction in a rabbit model system, utilizing
cultured mucosal epithelial stem cells, has also been reported
(Nakamura, T. & Kinoshita, S., 2003, supra). While these
reports show promise for the use of adult progenitor and stem
cells in cell-based therapy for the eye, it must be noted that
adult stem cell populations are comparatively rare and are
often obtainable only by invasive procedures. Further, adult
stem cells may have a more limited ability to expand in
culture than do embryonic stem cells.

Thus, a need exists for alternative sources of adequate
supplies of cells having the ability to support, augment or
replace lost cellular function in the eye. A reliable, well-
characterized and plentiful supply of substantially homoge-
neous populations of such cells would be an advantage in a
variety of diagnostic and therapeutic applications in ocular
repair and regeneration, including drug screening assays, ex
vivo or in vitro trophic support of ocular and other useful cell
types, and in vivo cell-based therapy.

SUMMARY

This invention provides compositions and methods appli-
cable to cell-based or regenerative therapy for ophthalmic
diseases and disorders. In particular, the invention features
pharmaceutical compositions, devices and methods for the
regeneration or repair of ocular tissue using postpartum-de-
rived cells.

One aspect of the invention features an isolated postpar-
tum-derived cell, derived from human placental or umbilical
cord tissue substantially free of blood, wherein the cell is
capable of self-renewal and expansion in culture and has the
potential to differentiate into a cell of a neural phenotype;
wherein the cell requires [L-valine for growth and is capable of
growth in at least about 5% oxygen. This cell further com-
prises one or more of the following characteristics: (a) poten-
tial for at least about 40 doublings in culture; (b) attachment
and expansion on a coated or uncoated tissue culture vessel,
wherein the coated tissue culture vessel comprises a coating
of gelatin, laminin, collagen, polyomithine, vitronectin, or
fibronectin; (c¢) production of at least one of tissue factor,
vimentin, and alpha-smooth muscle actin; (d) production ofat
least one of CD10, CDI13, CD44, CD73, CD90, PDGFr-
alpha, PD-1.2 and HLA-A,B,C; (e) lack of production of at
least one of CD31, CD34, CD45, CD80, CD86, CD117,
CD141, CD178, B7-H2, HLA-G, and HLA-DR,DP,DQ, as
detected by flow cytometry; (f) expression of a gene, which
relative to a human cell that is a fibroblast, a mesenchymal
stem cell, or an ileac crest bone marrow cell, is increased for
at least one of a gene encoding: interleukin 8; reticulon 1;
chemokine (C—X—C motif) ligand 1 (melonoma growth
stimulating activity, alpha); chemokine (C—X—C motif)
ligand 6 (granulocyte chemotactic protein 2); chemokine
(C—X—C motif) ligand 3; tumor necrosis factor, alpha-
induced protein 3; C-type lectin superfamily member 2;
Wilms tumor 1; aldehyde dehydrogenase 1 family member
A2; renin; oxidized low density lipoprotein receptor 1, Homo
sapiens clone IMAGE:4179671; protein kinase C zeta; hypo-
thetical protein DKFZp564F013; downregulated in ovarian
cancer 1; and Homo sapiens gene from clone
DKFZp547k1113; (g) expression of a gene, which relative to
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a human cell that is a fibroblast, a mesenchymal stem cell, or
an ileac crest bone marrow cell, is reduced for at least one of
a gene encoding: short stature homeobox 2; heat shock 27
kDa protein 2; chemokine (C—X—C motif) ligand 12 (stro-
mal cell-derived factor 1); elastin (supravalvular aortic steno-
sis, Williams-Beuren syndrome); Homo sapiens mRNA;
cDNA DKFZp586M2022 (from clone DKFZp586M2022);
mesenchyme homeo box 2 (growth arrest-specific homeo
box); sine oculis homeobox homolog 1 (Drosophila); crys-
tallin, alpha B; disheveled associated activator of morphogen-
esis 2; DKFZP586B2420 protein; similar to neuralin 1; tet-
ranectin (plasminogen binding protein); src homology three
(SH3) and cysteine rich domain; cholesterol 25-hydroxylase;
runt-related transcription factor 3; interleukin 11 receptor,
alpha; procollagen C-endopeptidase enhancer; frizzled
homolog 7 (Drosophila); hypothetical gene BC008967; col-
lagen, type VIIL, alpha 1; tenascin C (hexabrachion); iroquois
homeobox protein 5; hephaestin; integrin, beta 8; synaptic
vesicle glycoprotein 2; neuroblastoma, suppression of tum-
origenicity 1; insulin-like growth factor binding protein 2, 36
kDa; Homo sapiens cDNA FLI12280 fis, clone
MAMMA1001744; cytokine receptor-like factor 1; potas-
sium intermediate/small conductance calcium-activated
channel, subfamily N, member 4; integrin, beta 7; transcrip-
tional co-activator with PDZ-binding motif (TAZ); sine ocu-
lis homeobox homolog 2 (Drosophila); KIAA1034 protein;
vesicle-associated membrane protein 5 (myobrevin); EGF-
containing fibulin-like extracellular matrix protein 1; early
growth response 3; distal-less homeo box 5; hypothetical
protein F1.J20373; aldo-keto reductase family 1, member C3
(3-alpha hydroxysteroid dehydrogenase, type II); biglycan;
transcriptional co-activator with PDZ-binding motif (TAZ);
fibronectin 1; proenkephalin; integrin, beta-like 1 (with EGF-
like repeat domains); Homo sapiens mRNA full length insert
c¢DNA clone EUROIMAGE 1968422; EphA3; KIAA0367
protein; natriuretic peptide receptor C/guanylate cyclase C
(atrionatriuretic peptide receptor C); hypothetical protein
FLI14054; Homo sapiens mRNA; cDNA DKFZp564B222
(from clone DKFZp564B222); BCL2/adenovirus E1B 19
kDa interacting protein 3-like; AE binding protein 1; cyto-
chrome ¢ oxidase subunit VIla polypeptide 1 (muscle); simi-
lar to neuralin 1; B cell translocation gene 1; hypothetical
protein FI.J23191; and DKFZp5861.151; (h) secretion of at
least one of MCP-1, IL-6, IL-8, GCP-2, HGF, KGF, FGF,
HB-EGF, BDNF, TPO, MIPla, RANTES, and TIMP1; and
(1) lack of secretion of at least one of TGF-beta2, ANG2,
PDGFbb, MIP1b, 1309, MDC, and VEGEF, as detected by
ELISA.

In certain embodiments, the postpartum-derived cell is an
umbilicus-derived cell. In other embodiments it is a placenta-
derived cell. In specific embodiments, the cell has all identi-
fying features of any one of: cell type PLA 071003 (P8)
(ATCC Accession No. PTA-6074); cell type PLA 071003
(P11) (ATCC Accession No. PTA-6075); cell type PLA
071003 (P16) (ATCC Accession No. PTA-6079); cell type
UMB 022803 (P7) (ATCC Accession No. PTA-6067); or cell
type UMB 022803 (P17) (ATCC Accession No. PTA-6068).

In certain embodiments, postpartum-derived cells are iso-
lated in the presence of one or more enzyme activities com-
prising metalloprotease activity, mucolytic activity and neu-
tral protease activity. Preferably, the cells have a normal
karyotype, which is maintained as the cells are passaged in
culture. In preferred embodiments, the postpartum-derived
cells comprise each of CD10, CD13, CD44, CD73, CD90,
PDGFr-alpha, and HLA-A,B,C and does not comprise any of
CD31, CD34, CD45, CD117, CD141, or HLA-DR,DP.DQ,
as detected by flow cytometry.
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Another aspect of the invention features a cell population
comprising the postpartum-derived cells as described above.
In one embodiment, the population is a substantially homo-
geneous population of the postpartum-derived cells. In a spe-
cific embodiment, the population comprises a clonal cell line
of the postpartum-derived cells. In another embodiment, the
population is a heterogeneous population comprising the
postpartum-derived cells and at least one other cell type. In
certain embodiments, the other cell type is an astrocyte, oli-
godendrocyte, neuron, neural progenitor, neural stem cell,
retinal epithelial stem cell, corneal epithelial stem cell or
other multipotent or pluripotent stem cell. In other embodi-
ments, the cell population is cultured in contact with one or
more factors that stimulate stem cell differentiation toward a
neural or epithelial lineage.

Also featured in accordance with the present invention is a
cell lysate prepared from postpartum-derived cells. The cell
lysate may be separated into a membrane enriched fraction
and a soluble cell fraction. The invention also features an
extracellular matrix produced by the postpartum-derived
cells, as well as a conditioned medium in which the cells have
been grown.

Another aspect of the invention features a method of treat-
ing a patient having an ocular degenerative condition, which
comprises administering to the patient multipotent or pluri-
potent cells isolated from a postpartum placenta or umbilical
cord, in an amount effective to treat the ocular degenerative
condition. Preferably the cells are postpartum-derived cells,
as described above. In certain embodiments, the ocular
degenerative condition is an acute ocular degenerative con-
dition such as brain trauma, optic nerve trauma or ocular
lesion. In other embodiments, it is a chronic or progressive
degenerative condition, such as macular degeneration, retini-
tis pigmentosa, diabetic retinopathy, glaucoma or limbal epi-
thelial cell deficiency. In certain embodiments, the cells are
induced in vitro to differentiate into a neural or epithelial
lineage cells prior to administration.

In certain embodiments, the cells are administered with at
least one other cell type, such as an astrocyte, oligodendro-
cyte, neuron, neural progenitor, neural stem cell, retinal epi-
thelial stem cell, corneal epithelial stem cell, or other multi-
potent or pluripotent stem cell. In these embodiments, the
other cell type can be administered simultaneously with, or
before, or after, the postpartum-derived cells. Likewise, in
these and other embodiments, the cells are administered with
at least one other agent, such as a drug for ocular therapy, or
another beneficial adjunctive agent such as an anti-inflamma-
tory agent, anti-apoptotic agents, antioxidants or growth fac-
tors. In these embodiments, the other agent can be adminis-
tered simultaneously with, or before, or after, the postpartum
cells.

In various embodiments, the cells are administered to the
surface of an eye, or they are administered to the interior of an
eye or to a location in proximity to the eye, e.g., behind the
eye. The cells can be administered through a cannula or from
a device implanted in the patient’s body within or in proxim-
ity to the eye, or they may be administered by implantation of
a matrix or scaffold containing the cells.

Another aspect of the invention features a pharmaceutical
composition for treating a patient having an ocular degenera-
tive condition, comprising a pharmaceutically acceptable car-
rier and multipotent or pluripotent cells isolated from a post-
partum placenta or umbilical cord in an amount effective to
treat the ocular degenerative condition. Preferably the post-
partum cells are postpartum-derived cells as described above.
The ocular degenerative condition may be an acute, chronic
or progressive condition. In certain embodiments, the com-
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position comprises cells that have been induced in vitro to
differentiate into a neural or epithelial lineage cells prior to
formulation of the composition.

In certain embodiments, the pharmaceutical composition
comprises at least one other cell type, such as an astrocyte,
oligodendrocyte, neuron, neural progenitor, neural stem cell,
retinal epithelial stem cell, corneal epithelial stem cell, or
other multipotent or pluripotent stem cell. In these or other
embodiments, the pharmaceutical composition comprises at
least one other agent, such as a drug for treating the ocular
degenerative disorder or other beneficial adjunctive agents,
e.g., anti-inflammatory agents, anti-apoptotic agents, antioxi-
dants or growth factors.

In certain embodiments, the pharmaceutical compositions
are formulated for administration to the surface of an eye.
Alternatively, they can be formulated for administration to the
interior of an eye or in proximity to the eye (e.g., behind the
eye). The compositions also can be formulated as a matrix or
scaffold containing the cells.

According to yet another aspect of the invention, a kit is
provided for treating a patient having an ocular degenerative
condition. The kit comprises a pharmaceutically acceptable
carrier, a population of multipotent or pluripotent cells iso-
lated from postpartum placenta or umbilicus, preferably the
postpartum-derived cells described above, and instructions
for using the kit in a method of treating the patient. The kit
may also contain one or more additional components, such as
reagents and instructions for culturing the cells, or a popula-
tion of atleast one other cell type, or one or more agents useful
in the treatment of an ocular degenerative condition.

According to another aspect of the invention, a method is
provided for treating a patient having an ocular degenerative
condition, which comprises administering to the patient a
preparation made from multipotent or pluripotent cells iso-
lated from a postpartum placenta or umbilical cord, in an
amount effective to treat the ocular degenerative condition,
wherein the preparation comprises a cell lysate of the cells (or
fraction thereof), or a conditioned medium in which the cells
were grown, or an extracellular matrix of the cells. Preferably,
the cells are the postpartum-derived cells described above. In
another aspect, the invention features a pharmaceutical com-
position comprising a pharmaceutically acceptable carrier
and a preparation made from the postpartum cells, which may
be acell lysate (or fraction thereot) of the postpartum cells, an
extracellular matrix of the postpartum cells or a conditioned
medium in which the postpartum cells were grown. Kits for
practicing this aspect of the invention are also provided.
These may include the one or more of a pharmaceutically
acceptable carrier or other agent or reagent, one or more of a
cell lysate or fraction thereof, an extracellular matrix or a
conditioned medium from the postpartum cells, and instruc-
tions for use of the kit components.

Another aspect of the invention features a method for
increasing the survival, growth or activity of cells for trans-
plantation to treat an ocular degenerative disorder. The
method comprises co-culturing the cells for transplantation
with cultured cells derived from postpartum placental or
umbilical tissue, under conditions effective to increase the
survival, growth or activity of the cells for transplantation.
Preferably, the postpartum cells are the postpartum-derived
cells described above. A kit for practicing the method is also
provided. The kit comprises the cultured postpartum cells and
instructions for co-culturing the cells for transplantation with
the postpartum cells under conditions effective to increase the
survival, growth or activity of the cells for transplantation.

In one embodiment, the present invention provides a
method for treating a patient having a retinopathy or a retinal/
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macular disorder, the method comprising administering to the
patient’s eye umbilicus-derived cells, in an amount effective
to treat the retinopathy or a retinal/macular disorder, wherein
the cells are capable of self-renewal and expansion in culture,
have the potential to differentiate into cells of at least a neural
phenotype, and have the following characteristics:

a. Potential for at least 40 population doublings in culture;

b. Attachment and expansion on a coated or uncoated tissue

culture vessel, wherein the coated tissue culture vessel
comprises a coating of gelatin, laminin, collagen, poly-
ornithine, vitronectin, or fibronectin;

¢. Production of vimentin and alpha-smooth muscle actin;

d. Production of CD10, CD13, CD44, CD73, and CD90;

and

e. Expression of a gene, which is relative to a human cell

that is a fibroblast, a mesenchymal stem cell, or an ileac
crest bone marrow cell, is increased for a gene encoding
interleukin 8 and reticulon 1.

In one embodiment, the umbilicus-derived cells are posi-
tive for HLA-A,B,C, and negative for CD31, CD34, CD45,
CD117, and CD141. In one embodiment, the umbilicus-de-
rived cells are expanded in culture prior to administering to
the patient’s eye.

In one embodiment, the retinopathy or a retinal/macular
disorder is age-related macular degeneration. In an alternate
embodiment, the retinopathy or a retinal/macular disorder is
glaucoma.

In one embodiment, the present invention provides a
method for preventing the loss of photoreceptor cells associ-
ated with a retinopathy or a retinal/macular disorder in a
patient, the method comprising administering to the patient’s
eye umbilicus-derived cells, in an amount effective to prevent
the loss of photoreceptor cells, wherein the cells are capable
of' self-renewal and expansion in culture, have the potential to
differentiate into cells of at least a neural phenotype, and have
the following characteristics:

a. Potential for at least 40 population doublings in culture;

b. Attachment and expansion on a coated or uncoated tissue

culture vessel, wherein the coated tissue culture vessel
comprises a coating of gelatin, laminin, collagen, poly-
ornithine, vitronectin, or fibronectin;

¢. Production of vimentin and alpha-smooth muscle actin;

d. Production of CD10, CD13, CD44, CD73, and CD90;

and

e. Expression of a gene, which is relative to a human cell

that is a fibroblast, a mesenchymal stem cell, or an ileac
crest bone marrow cell, is increased for a gene encoding
interleukin 8 and reticulon 1.

In one embodiment, the umbilicus-derived cells are posi-
tive for HLA-A,B,C, and negative for CD31, CD34, CD45,
CD117, and CD141. In one embodiment, the umbilicus-de-
rived cells are expanded in culture prior to administering to
the patient’s eye.

In one embodiment, the retinopathy or a retinal/macular
disorder is age-related macular degeneration. In an alternate
embodiment, the retinopathy or a retinal/macular disorder is
glaucoma.

In one embodiment, the loss of photoreceptor cells is pre-
vented by inhibiting the apoptosis of the photoreceptor cells.
In an alternate embodiment, the loss of photoreceptor cells is
prevented by stimulating the phagocytosis of shed photore-
ceptor fragments.

In one embodiment, the umbilicus-derived cells phagocy-
tose the shed photoreceptor fragments. In an alternate
embodiment, the umbilicus-derived cells stimulate the
phagocytosis of shed photoreceptor fragments by RPE cells.
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In one embodiment, the loss of photoreceptor cells is pre-
vented by replacing the photoreceptor cells. In one embodi-
ment, the photoreceptor cells are replaced by the umbilicus-
derived cells differentiating retinal progenitor cells into
photoreceptor cells.

In one embodiment, the loss of photoreceptor cells is pre-
vented by resurfacing Bruch’s membrane.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a graphical representation of the layout of the
cells in a typical trans-well experiment.

FIG. 2 shows the effect of umbilicus-derived cells on
phagocytosis observed in aged primary human RPE cells.

FIG. 3 shows the analysis of human dermal fibroblast
stimulated phagocytosis.

FIG. 4 shows the effects of umbilicus-derived cells on the
phagocytosis of fluorescein isothiocyanate—photoreceptor
outer segments observed in normal and dystrophic RPE cells.

FIG. 5 shows the adherence and integration of umbilicus-
derived cells on aged explants of human Bruch’s membrane
after 7 days.

FIG. 6 shows the phototransduction pathway in cone and
rod cells. Shading denotes up-regulated expression.

FIG. 7 shows the dose-dependant effect of H,O,-induced
DNA fragmentationin ARPE-19 cells. Filled square and solid
line: normal growth media; open square and dotted line:
media conditioned using umbilicus-derived cells.

FIG. 8 shows the dose-dependant effect of H,O,-induced
early apoptosis in ARPE-19 cells. Upper panel: early apop-
totic cells: Annexin V(+) and 7-ADD (-); lower panel: total
apoptotic cells: Annexin V(+). Filled square and solid line:
normal growth media; open square and dotted line: condi-
tioned media.

FIG. 9 shows the time course of H,O,-induced DNA frag-
mentation in ARPE-19 cells. Filled square and solid line:
normal growth media; open square and dotted line: media
conditioned using umbilicus-derived cells. Dotted line:
media conditioned using ¢ umbilicus-derived cells.

FIG. 10 shows a representative image of an injected eye.
This eye was embedded in paraffin and sectioned until the
suture was visible on a stereomicroscope and the image was
collected. The eye shown was a vehicle-injected eye 1 day
post-injection. The suture placed following the injection pro-
cedure can be seen on the right side of the eye (arrow).

FIG. 11 shows the morphometric analysis of the outer
nuclear layer (ONL). Shown is an eye 60 days post-injection,
2x magnification. The regions of ONL analysis are outlined in
boxes. Region 1 (bottom box) is local to the injection site, and
region 2 (top box) is distal to the injection site, on the opposite
side of the eye.

FIG. 12 shows the identification of umbilicus-derived cells
in subretinal space, day 1 post-injection. Panel A: H&E
stained section of a day 1 eye at 20x magnification. Injected
umbilicus-derived cells can be seen in subretinal space. Panel
B: an adjacent section immunostained for NuMA, 40x mag-
nification. Infiltrating neutrophils can also be identified
amongst NuMA-positive umbilicus-derived cells.

FIG. 13 shows cell retention in the RCS rat eye. Cell
retention in the RCS rat eyes from Day 1 to Day 60; the Y-axis
is on logarithmic scale. Human f2M mRNA was detected in
eyes 1, 7, 14, and 60 days after subretinal injection. The cell
number reduced gradually from 18227+3227 (mean+/-stan-
dard error of the mean; n=4) at Day 1 to 2266+1328 (mean+/-
standard error of the mean; n=4) at Day 60.

FIG. 14 shows the time course of ONL degeneration. H&E
stained sections of control and umbilicus-derived cell
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10
injected eyes from the following time points post-injection:
Day 7 (A and B), Day 14 (C and D), Day 30 (E and F), and
Day 60 (G and H). Images were acquired using 40x magni-
fication near the injection site region. Arrows mark the outer
nuclear layer.

FIG. 15 demonstrates the injection of umbilicus-derived
cells preserves ONL thickness at Day 60 post-injection. Rep-
resentative images from H&E stained sections from umbili-
cus-derived cell injected and control eyes 60 days post-injec-
tion, 60x magnification. Panels A and B: Control eye, images
taken from areas near and far from injection site, respectively.
ONL (arrows) appears as a single discontinuous layer in both
regions. Panels C and D: umbilicus-derived cell injected eye,
areas near and far from injection site, respectively. ONL is
visibly thicker in both regions, although the area near the
injection site is thicker than that further away (approximately
4 nuclei thick near injection site compared to 2 nuclei thick far
from injection site in these images). Panels E and F: morpho-
metric results. Panel E: All data from both regions analyzed
(near to and far from injection site) were combined for each
animal (n=3 animals per group). Values graphed are the
mean+/-standard deviation. Means were significantly differ-
ent between control eyes and eyes injected with umbilicus-
derived cells (p<0.001, t-test). Panel F: Regional ONL rescue.
The two columns on the left side of the graph are from region
1 (closeto injection site), the two columns on the right side are
from region 2 (far from the injection site). Values graphed are
the mean+/—standard deviation of all tissue sections analyzed
(forregion 1, the number of images were n=6 and 9 and region
2, the number of images were n=9 and 6 for control and
umbilicus-derived cells, respectively). The means for both
groups were significantly different in each region (p=0.002
using Mann-Whitney rank sum test for region 1, and p<0.001
using t-test for region 2. Mann-Whitney test was used for
region 1 because the umbilicus-derived cells group did not
have a normal distribution).

FIG. 16 demonstrates injection of umbilicus-derived cells
preserves rhodopsin immunostaining at Day 60 post-injec-
tion. Panels A and B: representative images from Day 60
control and umbilicus-derived cell injected animals at 60x
magnification near the injection site. Panel A: control, panel
B: umbilicus-derived cells. Rhodopsin immunostaining is
specific to the neuroepithelial layer (arrows) and is visibly
increased in the umbilicus-derived cell injected eye compared
with control. Panel C: morphometric results, values graphed
are the mean+/-standard deviation (n=3 animals per group).
Means were significantly different between control eyes and
eyes injected with umbilicus-derived cells: 7.04+/-5.96 and
72.83+/-16.63, respectively (p=0.003, t-test). Values repre-
sent raw data multiplied by 100 to be expressed as a percent-
age.

FIG. 17 demonstrates injection of umbilicus-derived cells
preserves calretinin immunostaining at Day 60 post-injec-
tion. Shown are representative images from Day 60 control
and umbilicus-derived cell injected animals at 60x magnifi-
cation near the injection site. Panel A: control, panel B: umbi-
licus-derived cells. Calretinin immunostaining is specific to
the inner nuclear layer (INL), inner plexiform layer (IPL), and
the retinal ganglion cell layer (GCL). Panels C and D: mor-
phometric results, values graphed are the mean+/—standard
deviation (n=3 animals per group). Panel C: total calretinin
staining (GCL, IPL, INL). Means were significantly different
between control eyes and eyes injected with umbilicus-de-
rived cells: 10.05+/-0.66 and 12.52+/-0.60, respectively
(p=0.009, t-test). Panel D: calretinin staining of INL. and
GCL. Means were significantly different between control and
umbilicus-derived cell injected eyes in the INL but not in the
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GCL: 3.82+/-0.22 and 5.67+/-0.85 (INL, p=0.014, t-test)
and 2.91+/-1.11 and 3.16+/-0.37 (GCL, p=0.629, t-test),
respectively.

FIG. 18 demonstrates injection of umbilicus-derived cells
preserves recoverin immunostaining at Day 60 post-injec-
tion. umbilicus-derived cells significantly preserves recov-
erin immunostaining at day 60 post-injection. Panels A and B:
representative images from Day 60 control and umbilicus-
derived cell injected animals at 60x magnification near the
injection site. Panel A: control, panel B: umbilicus-derived
cells. Recoverin immunostaining is specific to the outer
nuclear layer (arrows) and a subpopulation of cells in the
inner nuclear layer (arrow heads). Panels C and D: morpho-
metric results, values graphed are the mean+/-standard
deviation (n=3 animals per group). Panel C: total recoverin
staining (INL, ONL). Means were significantly different
between control eyes and eyes injected with umbilicus-de-
rived cells: 2.474/-0.50 and 13.03+/-3.28, respectively
(P=0.001, t-test). Panel D: recoverin staining of INL and
ONL. Means were significantly different between control and
umbilicus-derived cell injected eyes in both the INL and ONL
1.11+/-0.31 and 2.24+/-0.51 (INL, p=0.031, t-test) and
1.36+/-0.34 and 10.78+/-2.87 (ONL, p=0.001, t-test),
respectively.

Other features and advantages of the invention will be
apparent from the detailed description and examples that
follow.

DETAILED DESCRIPTION

Various patents and other publications are referred to
throughout the specification. Each of these publications is
incorporated by reference herein, in its entirety.

Definitions

Various terms used throughout the specification and claims
are defined as set forth below.

Stem cells are undifferentiated cells defined by the ability
of a single cell both to self-renew, and to differentiate to
produce progeny cells, including self-renewing progenitors,
non-renewing progenitors, and terminally differentiated
cells. Stem cells are also characterized by their ability to
differentiate in vitro into functional cells of various cell lin-
eages from multiple germ layers (endoderm, mesoderm and
ectoderm), as well as to give rise to tissues of multiple germ
layers following transplantation, and to contribute substan-
tially to most, if not all, tissues following injection into blas-
tocysts.

Stem cells are classified according to their developmental
potential as: (1) totipotent; (2) pluripotent; (3) multipotent;
(4) oligopotent; and (5) unipotent. Totipotent cells are able to
give rise to all embryonic and extraembryonic cell types.
Pluripotent cells are able to give rise to all embryonic cell
types. Multipotent cells include those able to give rise to a
subset of cell lineages, but all within a particular tissue, organ,
or physiological system (for example, hematopoietic stem
cells (HSC) can produce progeny that include HSC (self-
renewal), blood cell-restricted oligopotent progenitors, and
all cell types and elements (e.g., platelets) that are normal
components of the blood). Cells that are oligopotent can give
rise to a more restricted subset of cell lineages than multipo-
tent stem cells; and cells that are unipotent are able to give rise
to a single cell lineage (e.g., spermatogenic stem cells).

Stem cells are also categorized on the basis of the source
from which they may be obtained. An adult stem cell is
generally a multipotent undifterentiated cell found in tissue
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comprising multiple differentiated cell types. The adult stem
cell can renew itself. Under normal circumstances, it can also
differentiate to yield the specialized cell types of the tissue
from which it originated, and possibly other tissue types. An
embryonic stem cell is a pluripotent cell from the inner cell
mass of a blastocyst-stage embryo. A fetal stem cell is one that
originates from fetal tissues or membranes. A postpartum
stem cell is a multipotent or pluripotent cell that originates
substantially from extraembryonic tissue available after birth,
namely, the placenta and the umbilical cord. These cells have
been found to possess features characteristic of pluripotent
stem cells, including rapid proliferation and the potential for
differentiation into many cell lineages. Postpartum stem cells
may be blood-derived (e.g., as are those obtained from
umbilical cord blood) or non-blood-derived (e.g., as obtained
from the non-blood tissues of the umbilical cord and pla-
centa).

Embryonic tissue is typically defined as tissue originating
from the embryo (which in humans refers to the period from
fertilization to about six weeks of development. Fetal tissue
refers to tissue originating from the fetus, which in humans
refers to the period from about six weeks of development to
parturition. Extraembryonic tissue is tissue associated with,
but not originating from, the embryo or fetus. Extraembry-
onic tissues include extraembryonic membranes (chorion,
amnion, yolk sac and allantois), umbilical cord and placenta
(which itself forms from the chorion and the maternal decidua
basalis).

Differentiation is the process by which an unspecialized
(“uncommitted”) or less specialized cell acquires the features
of'a specialized cell, such as a nerve cell or a muscle cell, for
example. A differentiated cell is one that has taken on a more
specialized (“committed”) position within the lineage of a
cell. The term committed, when applied to the process of
differentiation, refers to a cell that has proceeded in the dif-
ferentiation pathway to a point where, under normal circum-
stances, it will continue to differentiate into a specific cell
type or subset of cell types, and cannot, under normal circum-
stances, differentiate into a different cell type or revert to a
less differentiated cell type. De-differentiation refers to the
process by which a cell reverts to a less specialized (or com-
mitted) position within the lineage of a cell. As used herein,
the lineage of a cell defines the heredity of the cell, i.e. which
cells it came from and what cells it can give rise to. The
lineage of a cell places the cell within a hereditary scheme of
development and differentiation.

In a broad sense, a progenitor cell is a cell that has the
capacity to create progeny that are more differentiated than
itself, and yet retains the capacity to replenish the pool of
progenitors. By that definition, stem cells themselves are also
progenitor cells, as are the more immediate precursors to
terminally differentiated cells. When referring to the cells of
the present invention, as described in greater detail below, this
broad definition of progenitor cell may be used. In a narrower
sense, a progenitor cell is often defined as a cell that is inter-
mediate in the differentiation pathway, i.e., it arises from a
stem cell and is intermediate in the production of a mature cell
type or subset of cell types. This type of progenitor cell is
generally not able to self-renew. Accordingly, if this type of
cell is referred to herein, it will be referred to as a non-
renewing progenitor cell or as an intermediate progenitor or
precursor cell.

As used herein, the phrase differentiates into an ocular
lineage or phenotype refers to a cell that becomes partially or
fully committed to a specific ocular phenotype, including
without limitation, retinal and corneal stem cells, pigment
epithelial cells of the retina and iris, photoreceptors, retinal
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ganglia and other optic neural lineages (e.g., retinal glia,
microglia, astrocytes, Mueller cells), cells forming the crys-
talline lens, and epithelial cells of the sclera, cornea, limbus
and conjunctiva. The phrase differentiates into a neural lin-
eage or phenotype refers to a cell that becomes partially or
fully committed to a specific neural phenotype of the CNS or
PNS, i.e., aneuron or a glial cell, the latter category including
without limitation astrocytes, oligodendrocytes, Schwann
cells and microglia.

The cells exemplified herein and preferred for use in
present invention are generally referred to as postpartum-
derived cells (or PPDCs). They also may sometimes be
referred to more specifically as umbilicus-derived cells or
placenta-derived cells (UDCs or PDCs). In addition, the cells
may be described as being stem or progenitor cells, the latter
term being used in the broad sense. The term derived is used
to indicate that the cells have been obtained from their bio-
logical source and grown in vitro (e.g., cultured in a Growth
Medium to expand the population and/or to produce a cell
line). The in vitro manipulations of umbilical stem cells and
the unique features of the umbilicus-derived cells of the
present invention are described in detail below. Cells isolated
from postpartum placenta and umbilicus by other means is
also considered suitable for use in the present invention.
These other cells are referred to herein as postpartum cells
(rather than postpartum-derived cells).

Various terms are used to describe cells in culture. Cell
culture refers generally to cells taken from a living organism
and grown under controlled condition (“in culture” or “cul-
tured”). A primary cell culture is a culture of cells, tissues, or
organs taken directly from an organism(s) before the first
subculture. Cells are expanded in culture when they are
placed in a Growth Medium under conditions that facilitate
cell growth and/or division, resulting in a larger population of
the cells. When cells are expanded in culture, the rate of cell
proliferation is sometimes measured by the amount of time
needed for the cells to double in number. This is referred to as
doubling time.

A cell line is a population of cells formed by one or more
subcultivations of a primary cell culture. Each round of sub-
culturing is referred to as a passage. When cells are subcul-
tured, they are referred to as having been passaged. A specific
population of cells, or a cell line, is sometimes referred to or
characterized by the number of times it has been passaged.
For example, a cultured cell population that has been pas-
saged ten times may be referred to as a P10 culture. The
primary culture, i.e., the first culture following the isolation of
cells from tissue, is designated PO. Following the first subcul-
ture, the cells are described as a secondary culture (P1 or
passage 1). After the second subculture, the cells become a
tertiary culture (P2 or passage 2), and so on. It will be under-
stood by those of skill in the art that there may be many
population doublings during the period of passaging; there-
fore the number of population doublings of a culture is greater
than the passage number. The expansion of cells (i.e., the
number of population doublings) during the period between
passaging depends on many factors, including but not limited
to the seeding density, substrate, medium, growth conditions,
and time between passaging.

A conditioned medium is a medium in which a specific cell
or population of cells has been cultured, and then removed.
When cells are cultured in a medium, they may secrete cel-
Iular factors that can provide trophic support to other cells.
Such trophic factors include, but are not limited to hormones,
cytokines, extracellular matrix (ECM), proteins, vesicles,
antibodies, and granules. The medium containing the cellular
factors is the conditioned medium.
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Generally, a trophic factor is defined as a substance that
promotes survival, growth, differentiation, proliferation and/
or maturation of a cell, or stimulates increased activity of a
cell. The interaction between cells via trophic factors may
occur between cells of different types. Cell interaction by way
of trophic factors is found in essentially all cell types, and is
a particularly significant means of communication among
neural cell types. Trophic factors also can function in an
autocrine fashion, i.e., a cell may produce trophic factors that
affect its own survival, growth, differentiation, proliferation
and/or maturation.

When referring to cultured vertebrate cells, the term senes-
cence (also replicative senescence or cellular senescence)
refers to a property attributable to finite cell cultures; namely,
their inability to grow beyond a finite number of population
doublings (sometimes referred to as Hayflick’s limit).
Although cellular senescence was first described using fibro-
blast-like cells, most normal human cell types that can be
grown successfully in culture undergo cellular senescence.
The in vitro lifespan of different cell types varies, but the
maximum lifespan is typically fewer than 100 population
doublings (this is the number of doublings for all the cells in
the culture to become senescent and thus render the culture
unable to divide). Senescence does not depend on chrono-
logical time, but rather is measured by the number of cell
divisions, or population doublings, the culture has undergone.
Thus, cells made quiescent by removing essential growth
factors are able to resume growth and division when the
growth factors are re-introduced, and thereafter carry out the
same number of doublings as equivalent cells grown continu-
ously. Similarly, when cells are frozen in liquid nitrogen after
various numbers of population doublings and then thawed
and cultured, they undergo substantially the same number of
doublings as cells maintained unfrozen in culture. Senescent
cells are not dead or dying cells; they are actually resistant to
programmed cell death (apoptosis), and have been main-
tained in their nondividing state for as long as three years.
These cells are alive and metabolically active, but they do not
divide. The nondividing state of senescent cells has not yet
been found to be reversible by any biological, chemical, or
viral agent.

The terms ocular, ophthalmic and optic are used inter-
changeably herein to define “of, or about, or related to the
eye.”

The term ocular degenerative condition (or disorder) is an
inclusive term encompassing acute and chronic conditions,
disorders or diseases of the eye, inclusive of the neural con-
nection between the eye and the brain, involving cell damage,
degeneration or loss. An ocular degenerative condition may
be age-related, or it may result from injury or trauma, or it
may be related to a specific disease or disorder. Acute ocular
degenerative conditions include, but are not limited to, con-
ditions associated with cell death or compromise affecting the
eye including conditions arising from cerebrovascular insuf-
ficiency, focal or diffuse brain trauma, diffuse brain damage,
infection or inflammatory conditions of the eye, retinal tear-
ing or detachment, intraocular lesions (contusion penetration,
compression, laceration) or other physical injury (e.g., physi-
cal or chemical burns). Chronic ocular degenerative condi-
tions (including progressive conditions) include, but are not
limited to, retinopathies and other retinal/macular disorders
such as retinitis pigmentosa (RP), age-related macular degen-
eration (AMD), choroidal neovascular membrane (CNVM);
retinopathies such as diabetic retinopathy, occlusive retinopa-
thy, sickle cell retinopathy and hypertensive retinopathy, cen-
tral retinal vein occlusion, stenosis of the carotid artery, optic
neuropathies such as glaucoma and related syndromes; dis-
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orders of the lens and outer eye, e.g., limbal stem cell defi-
ciency (LSCD), also referred to as limbal epithelial cell defi-
ciency (LECD), such as occurs in chemical or thermal injury,
Steven-Johnson syndrome, contact lens-induced keratopathy,
ocular cicatricial pemphigoid, congenital diseases of aniridia
or ectodermal dysplasia, and multiple endocrine deficiency-
associated keratitis.

The term treating (or treatment of) an ocular degenerative
condition refers to ameliorating the effects of, or delaying,
halting or reversing the progress of, or delaying or preventing
the onset of, an ocular degenerative condition as defined
herein.

The term effective amount refers to a concentration or
amount of a reagent or pharmaceutical composition, such as
a growth factor, differentiation agent, trophic factor, cell
population or other agent, that is effective for producing an
intended result, including cell growth and/or differentiation
in vitro or in vivo, or treatment of ocular degenerative condi-
tions, as described herein. With respect to growth factors, an
effective amount may range from about 1 nanogram/milliliter
to about 1 microgram/milliliter. With respect to PPDCs as
administered to a patient in vivo, an effective amount may
range from as few as several hundred or fewer, to as many as
several million or more. In specific embodiments, an effective
amount may range from 10° to 10'*, more specifically at least
about 10* cells. It will be appreciated that the number of cells
to be administered will vary depending on the specifics of the
disorder to be treated, including but not limited to size or total
volume/surface area to be treated, as well as proximity of the
site of administration to the location of the region to be
treated, among other factors familiar to the medicinal biolo-
gist.

The terms effective period (or time) and effective condi-
tions refer to a period of time or other controllable conditions
(e.g., temperature, humidity for in vitro methods), necessary
or preferred for an agent or pharmaceutical composition to
achieve its intended result.

The term patient or subject refers to animals, including
mammals, preferably humans, who are treated with the phar-
maceutical compositions or in accordance with the methods
described herein.

The term pharmaceutically acceptable carrier (or
medium), which may be used interchangeably with the term
biologically compatible carrier or medium, refers to reagents,
cells, compounds, materials, compositions, and/or dosage
forms that are not only compatible with the cells and other
agents to be administered therapeutically, but also are, within
the scope of sound medical judgment, suitable for use in
contact with the tissues of human beings and animals without
excessive toxicity, irritation, allergic response, or other com-
plication commensurate with a reasonable benefit/risk ratio.

Several terms are used herein with respect to cell replace-
ment therapy. The terms autologous transfer, autologous
transplantation, autograft and the like refer to treatments
wherein the cell donor is also the recipient of the cell replace-
ment therapy. The terms allogeneic transfer, allogeneic trans-
plantation, allograft and the like refer to treatments wherein
the cell donor is of the same species as the recipient of the cell
replacement therapy, but is not the same individual. A cell
transfer in which the donor’s cells and have been histocom-
patibly matched with a recipient is sometimes referred to as a
syngeneic transfer. The terms xenogeneic transfer, xenoge-
neic transplantation, xenograft and the like refer to treatments
wherein the cell donor is of a different species than the recipi-
ent of the cell replacement therapy. Transplantation as used
herein refers to the introduction of autologous, or allogeneic
donor cell replacement therapy into a recipient.
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Description

Ocular degenerative conditions, which encompass acute,
chronic and progressive disorders and diseases having diver-
gent causes, have as a common feature the dysfunction or loss
of a specific or vulnerable group of ocular cells. This com-
monality enables development of similar therapeutic
approaches for the repair or regeneration of vulnerable, dam-
aged or lost ocular tissue, one of which is cell-based therapy.
Development of cell therapy for ocular degenerative condi-
tions heretofore has been limited to a comparatively few types
of stem or progenitor cells, including ocular-derived stem
cells themselves (e.g., retinal and corneal stem cells), embry-
onic stem cells and a few types of adult stem or progenitor
cells (e.g., neural, mucosal epithelial and bone marrow stem
cells). The present inventors have identified a significant new
source of stem cells for this purpose, namely, cells isolated
from the postpartum placenta and umbilical cord. Accord-
ingly, in its various embodiments described herein, the
present invention features methods and pharmaceutical com-
positions for repair and regeneration of ocular tissues, which
utilize progenitor cells and cell populations isolated from
postpartum tissues. The invention is applicable to any ocular
degenerative condition, but is expected to be particularly
suitable for a number of ocular disorders for which treatment
or cure heretofore has been difficult or unavailable. These
include, without limitation, age-related macular degenera-
tion, retinitis pigmentosa, diabetic and other retinopathies,
glaucoma and other optic neuropathies, and disorders asso-
ciated with limbal stem cell deficiency.

Stem or progenitor cells isolated from postpartum placenta
or umbilical cord in accordance with any method known in
the art are expected to be suitable for use in the present
invention. In a one embodiment, however, the invention uti-
lizes postpartum-derived cells (PPDCs) as defined above,
which are derived from placental or umbilical cord tissue that
has been rendered substantially free of blood, preferably in
accordance with the method set forth below. The PPDCs are
capable of self-renewal and expansion in culture and have the
potential to differentiate into cells of other phenotypes. Cer-
tain embodiments features populations comprising such
cells, pharmaceutical compositions comprising the cells or
components or products thereof, and methods of using the
pharmaceutical compositions for treatment of patients with
acute or chronic ocular degenerative conditions. The postpar-
tum-derived cells of the present invention have been charac-
terized by their growth properties in culture, by their cell
surface markers, by their gene expression, by their ability to
produce certain biochemical trophic factors, and by their
immunological properties.

Preparation of PPDCs

According to the methods described herein, a mammalian
placenta and umbilical cord are recovered upon or shortly
after termination of either a full-term or pre-term pregnancy,
for example, after expulsion after birth. The postpartum tissue
may be transported from the birth site to a laboratory in a
sterile container such as a flask, beaker, culture dish, or bag.
The container may have a solution or medium, including but
not limited to a salt solution, such as, for example, Dulbecco’s
Modified Eagle’s Medium (DMEM) or phosphate buffered
saline (PBS), or any solution used for transportation of organs
used for transplantation, such as University of Wisconsin
solution or perfluorochemical solution. One or more antibi-
otic and/or antimycotic agents, such as but not limited to
penicillin, streptomycin, amphotericin B, gentamicin, and
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nystatin, may be added to the medium or bufter. The postpar-
tum tissue may be rinsed with an anticoagulant solution such
as heparin-containing solution. It is preferable to keep the
tissue atabout 4-10° C. prior to extraction of PPDCs. It is even
more preferable that the tissue not be frozen prior to extrac-
tion of PPDCs.

Isolation of PPDCs preferably occurs in an aseptic envi-
ronment. The umbilical cord may be separated from the pla-
centa by means known in the art. Alternatively, the umbilical
cord and placenta are used without separation. Blood and
debris are preferably removed from the postpartum tissue
prior to isolation of PPDCs. For example, the postpartum
tissue may be washed with buffer solution, such as but not
limited to phosphate buffered saline. The wash buffer also
may comprise one or more antimycotic and/or antibiotic
agents, such as but not limited to penicillin, streptomycin,
amphotericin B, gentamicin, and nystatin.

Postpartum tissue comprising a whole placenta or a frag-
ment or section thereof is disaggregated by mechanical force
(mincing or shear forces). In a presently preferred embodi-
ment, the isolation procedure also utilizes an enzymatic
digestion process. Many enzymes are known in the art to be
useful for the isolation of individual cells from complex tissue
matrices to facilitate growth in culture. Ranging from weakly
digestive (e.g. deoxyribonucleases and the neutral protease,
dispase) to strongly digestive (e.g. papain and trypsin), such
enzymes are available commercially. A nonexhaustive list of
enzymes compatible herewith includes mucolytic enzyme
activities, metalloproteases, neutral proteases, serine pro-
teases (such as trypsin, chymotrypsin, or elastase), and deox-
yribonucleases. Presently preferred are enzyme activities
selected from metalloproteases, neutral proteases and muco-
Iytic activities. For example, collagenases are known to be
useful for isolating various cells from tissues. Deoxyribonu-
cleases can digest single-stranded DNA and can minimize
cell clumping during isolation. Preferred methods involve
enzymatic treatment with for example collagenase and dis-
pase, or collagenase, dispase, and hyaluronidase, and such
methods are provided wherein in certain preferred embodi-
ments, a mixture of collagenase and the neutral protease
dispase are used in the dissociating step. More preferred are
those methods that employ digestion in the presence of at
least one collagenase from Clostridium histolyticum, and
either of the protease activities, dispase and thermolysin. Still
more preferred are methods employing digestion with both
collagenase and dispase enzyme activities. Also preferred are
methods that include digestion with a hyaluronidase activity
in addition to collagenase and dispase activities. The skilled
artisan will appreciate that many such enzyme treatments are
known in the art for isolating cells from various tissue
sources. For example, the LIBERASE Blendzyme (Roche)
series of enzyme combinations are suitable for use in the
instant methods. Other sources of enzymes are known, and
the skilled artisan may also obtain such enzymes directly
from their natural sources. The skilled artisan is also well
equipped to assess new, or additional enzymes or enzyme
combinations for their utility in isolating the cells of the
invention. Preferred enzyme treatments are 0.5, 1, 1.5, or 2
hours long or longer. In other preferred embodiments, the
tissue is incubated at 37° C. during the enzyme treatment of
the dissociation step.

Insome embodiments of the invention, postpartum tissue is
separated into sections comprising various aspects of the
tissue, such as neonatal, neonatal/maternal, and maternal
aspects of the placenta, for instance. The separated sections
then are dissociated by mechanical and/or enzymatic disso-
ciation according to the methods described herein. Cells of
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neonatal or maternal lineage may be identified by any means
known in the art, for example, by karyotype analysis or in situ
hybridization for aY chromosome.

Isolated cells or postpartum tissue from which PPDCs
grow out may be used to initiate, or seed, cell cultures. Iso-
lated cells are transferred to sterile tissue culture vessels
either uncoated or coated with extracellular matrix or ligands
such as laminin, collagen (native, denatured or crosslinked),
gelatin, fibronectin, and other extracellular matrix proteins.
PPDCs are cultured in any culture medium capable of sus-
taining growth of the cells such as, but not limited to, DMEM
(high or low glucose), advanced DMEM, DMEM/MCDB
201, Eagle’s basal medium, Ham’s F10 medium (F10),
Ham’s F-12 medium (F12), Iscove’s modified Dulbecco’s
medium, Mesenchymal Stem Cell Growth Medium
(MSCGM), DMEM/F12, RPMI 1640, and CELL-GRO-
FREE. The culture medium may be supplemented with one or
more components including, for example, fetal bovine serum
(FBS), preferably about 2-15% (v/v); equine serum (ES);
human serum (HS); beta-mercaptoethanol (BME or 2-ME),
preferably about 0.001% (v/v); one or more growth factors,
for example, platelet-derived growth factor (PDGF), epider-
mal growth factor (EGF), fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), insulin-like
growth factor-1 (IGF-1), leukocyte inhibitory factor (LIF)
and erythropoietin; amino acids, including [-valine; and one
ormore antibiotic and/or antimycotic agents to control micro-
bial contamination, such as, for example, penicillin G, strep-
tomycin sulfate, amphotericin B, gentamicin, and nystatin,
either alone or in combination. The culture medium prefer-
ably comprises Growth Medium (DMEM-low glucose,
serum, BME, and an antibiotic agent).

The cells are seeded in culture vessels at a density to allow
cell growth. In a preferred embodiment, the cells are cultured
at about 0 to about 5 percent by volume CO, in air. In some
preferred embodiments, the cells are cultured at about 2 to
about 25 percent O, in air, preferably about 5 to about 20
percent O, in air. The cells preferably are cultured at about 25
to about 40° C. and more preferably are cultured at37° C. The
cells are preferably cultured in an incubator. The medium in
the culture vessel can be static or agitated, for example, using
a bioreactor. PPDCs preferably are grown under low oxida-
tive stress (e.g., with addition of glutathione, Vitamin C,
Catalase, Vitamin E, N-Acetylcysteine). “Low oxidative
stress”, as used herein, refers to conditions of no or minimal
free radical damage to the cultured cells.

Methods for the selection of the most appropriate culture
medium, medium preparation, and cell culture techniques are
well known in the art and are described in a variety of sources,
including Doyle et al., (eds.), 1995, CELL & TISSUE CUL-
TURE: LABORATORY PROCEDURES, John Wiley &
Sons, Chichester; and Ho and Wang (eds.), 1991, ANIMAL
CELL BIOREACTORS, Butterworth-Heinemann, Boston,
which are incorporated herein by reference.

After culturing the isolated cells or tissue fragments for a
sufficient period of time, PPDCs will have grown out, either
as a result of migration from the postpartum tissue or cell
division, or both. In some embodiments of the invention,
PPDCs are passaged, or removed to a separate culture vessel
containing fresh medium of the same or a different type as
that used initially, where the population of cells can be mitoti-
cally expanded. The cells of the invention may be used at any
point between passage 0 and senescence. The cells preferably
are passaged between about 3 and about 25 times, more
preferably are passaged about 4 to about 12 times, and pref-
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erably are passaged 10 or 11 times. Cloning and/or subclon-
ing may be performed to confirm that a clonal population of
cells has been isolated.

In some aspects of the invention, the different cell types
present in postpartum tissue are fractionated into subpopula-
tions from which the PPDCs can be isolated. This may be
accomplished using standard techniques for cell separation
including, but not limited to, enzymatic treatment to dissoci-
ate postpartum tissue into its component cells, followed by
cloning and selection of specific cell types, for example but
not limited to selection based on morphological and/or bio-
chemical markers; selective growth of desired cells (positive
selection), selective destruction of unwanted cells (negative
selection); separation based upon differential cell agglutin-
ability in the mixed population as, for example, with soybean
agglutinin; freeze-thaw procedures; differential adherence
properties of the cells in the mixed population; filtration;
conventional and zonal centrifugation; centrifugal elutriation
(counter-streaming centrifugation); unit gravity separation;
countercurrent distribution; electrophoresis; and fluores-
cence activated cell sorting (FACS). For a review of clonal
selection and cell separation techniques, see Freshney, 1994,
CULTURE OF ANIMAL CELLS: A MANUAL OF BASIC
TECHNIQUES, 3rd Ed., Wiley-Liss, Inc., New York, which
is incorporated herein by reference.

The culture medium is changed as necessary, for example,
by carefully aspirating the medium from the dish, for
example, with a pipette, and replenishing with fresh medium.
Incubation is continued until a sufficient number or density of
cells accumulates in the dish. The original explanted tissue
sections may be removed and the remaining cells trypsinized
using standard techniques or using a cell scraper. After
trypsinization, the cells are collected, removed to fresh
medium and incubated as above. In some embodiments, the
medium is changed at least once at approximately 24 hours
post-trypsinization to remove any floating cells. The cells
remaining in culture are considered to be PPDCs.

PPDCs may be cryopreserved. Accordingly, in a preferred
embodiment described in greater detail below, PPDCs for
autologous transfer (for either the mother or child) may be
derived from appropriate postpartum tissues following the
birth of a child, then cryopreserved so as to be available in the
event they are later needed for transplantation.

Characteristics of PPDCs

PPDCs may be characterized, for example, by growth char-
acteristics (e.g., population doubling capability, doubling
time, passages to senescence), karyotype analysis (e.g., nor-
mal karyotype; maternal or neonatal lineage), flow cytometry
(e.g., FACS analysis), immunohistochemistry and/or immu-
nocytochemistry (e.g., for detection of epitopes), gene
expression profiling (e.g., gene chip arrays; polymerase chain
reaction (for example, reverse transcriptase PCR, real time
PCR, and conventional PCR)), protein arrays, protein secre-
tion (e.g., by plasma clotting assay or analysis of PDC-con-
ditioned medium, for example, by Enzyme Linked Immun-
oSorbent Assay (ELISA)), mixed lymphocyte reaction (e.g.,
as measure of stimulation of PBMCs), and/or other methods
known in the art.

Examples of PPDCs derived from placental tissue were
deposited with the American Type Culture Collection
(ATCC, Manassas, Va.) and assigned ATCC Accession Num-
bers as follows: (1) strain designation PLA 071003 (P8) was
deposited Jun. 15, 2004 and assigned Accession No. PTA-
6074; (2) strain designation PLA 071003 (P11) was deposited
Jun. 15,2004 and assigned Accession No. PTA-6075; and (3)
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strain designation PLA 071003 (P16) was deposited Jun. 16,
2004 and assigned Accession No. PTA-6079. Examples of
PPDCs derived from umbilicus tissue were deposited with the
American Type Culture Collection on Jun. 10, 2004, and
assigned ATCC Accession Numbers as follows: (1) strain
designation UMB 022803 (P7) was assigned Accession No.
PTA-6067; and (2) strain designation UMB 022803 (P17)
was assigned Accession No. PTA-6068.

In various embodiments, the PPDCs possess one or more
of the following growth features (1) they require L-valine for
growth in culture; (2) they are capable of growth in atmo-
spheres containing oxygen from about 5% to at least about
20% (3) they have the potential for at least about 40 doublings
in culture before reaching senescence; and (4) they attach and
expand on a coated or uncoated tissue culture vessel, wherein
the coated tissue culture vessel comprises a coating of gelatin,
laminin, collagen, polyomithine, vitronectin or fibronectin.

In certain embodiments the PPDCs possess a normal
karyotype, which is maintained as the cells are passaged.
Karyotyping is particularly useful for identifying and distin-
guishing neonatal from maternal cells derived from placenta.
Methods for karyotyping are available and known to those of
skill in the art.

In other embodiments, the PPDCs may be characterized by
production of certain proteins, including (1) production of at
least one of tissue factor, vimentin, and alpha-smooth muscle
actin; and (2) production of at least one of CD10, CD13,
CD44, CD73, CD90, PDGFr-alpha, PD-L.2 and HLA-A,B,C
cell surface markers, as detected by flow cytometry. In other
embodiments, the PPDCs may be characterized by lack of
production of at least one of CD31, CD34, CD45, CD80,
CD86, CD117,CD141, CD 178, B7-H2, HLA-G, and HLA-
DR,DP.DQ cell surface markers, as detected by flow cytom-
etry. Particularly preferred are cells that produce at least two
of tissue factor, vimentin, and alpha-smooth muscle actin.
More preferred are those cells producing all three of the
proteins tissue factor, vimentin, and alpha-smooth muscle
actin.

In other embodiments, the PPDCs may be characterized by
gene expression, which relative to a human cell that is a
fibroblast, a mesenchymal stem cell, or an ileac crest bone
marrow cell, is increased for a gene encoding at least one of
interleukin 8; reticulon 1; chemokine (C—X—C motif)
ligand 1 (melonoma growth stimulating activity, alpha);
chemokine (C—X—C motif) ligand 6 (granulocyte chemot-
actic protein 2); chemokine (C—X—C motif) ligand 3; tumor
necrosis factor, alpha-induced protein 3; C-type lectin super-
family member 2; Wilms tumor 1; aldehyde dehydrogenase 1
family member A2; renin; oxidized low density lipoprotein
receptor 1; Homo sapiens clone IMAGE:4179671; protein
kinase C zeta; hypothetical protein DKFZp564F013; down-
regulated in ovarian cancer 1; and Homo sapiens gene from
clone DKFZp547k1113.

In yet other embodiments, the PPDCs may be character-
ized by gene expression, which relative to a human cell that is
a fibroblast, a mesenchymal stem cell, or an ileac crest bone
marrow cell, is reduced for a gene encoding at least one of:
short stature homeobox 2; heat shock 27 kDa protein 2;
chemokine (C—X—C motif) ligand 12 (stromal cell-derived
factor 1); elastin (supravalvular aortic stenosis, Williams-
Beuren syndrome); Homo sapiens mRNA; cDNA
DKFZp586M2022 (from clone DKFZp586M2022); mesen-
chyme homeo box 2 (growth arrest-specific homeo box); sine
oculis homeobox homolog 1 (Drosophila); crystallin, alpha
B; disheveled associated activator of morphogenesis 2;
DKFZP586B2420 protein; similar to neuralin 1; tetranectin
(plasminogen binding protein); src homology three (SH3)
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and cysteine rich domain; cholesterol 25-hydroxylase; runt-
related transcription factor 3; interleukin 11 receptor, alpha;
procollagen C-endopeptidase enhancer; frizzled homolog 7
(Drosophila), hypothetical gene BC008967; collagen, type
VIII, alpha 1; tenascin C (hexabrachion); iroquois homeobox
protein 5; hephaestin; integrin, beta 8; synaptic vesicle gly-
coprotein 2; neuroblastoma, suppression of tumorigenicity 1;
insulin-like growth factor binding protein 2, 36 kDa; Homo
sapiens cDNA FLI12280 fis, clone MAMMA1001744,
cytokine receptor-like factor 1; potassium intermediate/small
conductance calcium-activated channel, subfamily N, mem-
ber 4; integrin, beta 7; transcriptional co-activator with PDZ-
binding motif (TAZ); sine oculis homeobox homolog 2
(Drosophila),; KIAA1034 protein; vesicle-associated mem-
brane protein 5 (myobrevin); EGF-containing fibulin-like
extracellular matrix protein 1; early growth response 3; distal-
less homeo box 5; hypothetical protein FL.J20373; aldo-keto
reductase family 1, member C3 (3-alpha hydroxysteroid
dehydrogenase, type 11); biglycan; transcriptional co-activa-
tor with PDZ-binding motif (TAZ); fibronectin 1; proen-
kephalin; integrin, beta-like 1 (with EGF-like repeat
domains); Homo sapiens mRNA full length insert cDNA
clone EUROIMAGE 1968422; EphA3; KIAA0367 protein;
natriuretic peptide receptor C/guanylate cyclase C (atrionatri-
uretic peptide receptor C); hypothetical protein F1.J14054;
Homo sapiens mRNA; cDNA DKFZp564B222 (from clone
DKFZp564B222); BCL2/adenovirus E1B 19 kDa interacting
protein 3-like; AE binding protein 1; and cytochrome ¢ oxi-
dase subunit VIla polypeptide 1 (muscle).

In other embodiments, the PPDCs may be characterized by
secretion of at least one of MCP-1, IL-6, IL-8, GCP-2, HGF,
KGF, FGF, HB-EGF, BDNF, TPO, MIP1la, RANTES, and
TIMP1. In alternative embodiments, the PPDCs may be char-
acterized by lack of secretion of at least one of TGF-beta2,
ANG2, PDGFbb, MIP1b, 1309, MDC, and VEGF, as
detected by ELISA.

In preferred embodiments, the cell comprises two or more
of the above-listed growth, protein/surface marker produc-
tion, gene expression or substance-secretion characteristics.
More preferred are those cells comprising, three, four, or five
or more of the characteristics. Still more preferred are PPDCs
comprising six, seven, or eight or more of the characteristics.
Still more preferred presently are those cells comprising all of
above characteristics.

Among cells that are presently preferred for use with the
invention in several of its aspects are postpartum cells having
the characteristics described above and more particularly
those wherein the cells have normal karyotypes and maintain
normal karyotypes with passaging, and further wherein the
cells express each of the markers CD10, CD13,CD44, CD73,
CD90, PDGFr-alpha, and HLA-A,B,C, wherein the cells pro-
duce the immunologically-detectable proteins which corre-
spond to the listed markers. Still more preferred are those
cells which in addition to the foregoing do not produce pro-
teins corresponding to any of the markers CD31, CD34,
CD45, CD117, CD141, or HLA-DR,DP,DQ, as detected by
flow cytometry.

Certain cells having the potential to differentiate along
lines leading to various phenotypes are unstable and thus can
spontaneously differentiate. Presently preferred for use with
the invention are cells that do not spontaneously differentiate,
for example along neural lines. Preferred cells, when grown
in Growth Medium, are substantially stable with respect to
the cell markers produced on their surface, and with respect to
the expression pattern of various genes, for example as deter-
mined using an Affymetrix GENECHIP. The cells remain
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substantially constant, for example in their surface marker
characteristics over passaging, through multiple population
doublings.

However, one feature of PPDCs is that they may be delib-
erately induced to differentiate into various lineage pheno-
types by subjecting them to differentiation-inducing cell cul-
ture conditions. Of use in treatment of certain ocular
degenerative conditions, the PPDCs may be induced to dif-
ferentiate into neural phenotypes using one or more methods
known in the art. For instance, as exemplified herein, PPDCs
may be plated on flasks coated with laminin in Neurobasal-A
medium (Invitrogen, Carlsbad, Calif.) containing B27 (B27
supplement, Invitrogen), L.-glutamine and Penicillin/Strepto-
mycin, the combination of which is referred to herein as
Neural Progenitor Expansion (NPE) medium. NPE media
may be further supplemented with bFGF and/or EGF. Alter-
natively, PPDCs may be induced to differentiate in vitro by
(1) co-culturing the PPDCs with neural progenitor cells, or
(2) growing the PPDCs in neural progenitor cell-conditioned
medium.

Differentiation of the PPDCs into neural phenotypes may
be demonstrated by a bipolar cell morphology with extended
processes. The induced cell populations may stain positive for
the presence of nestin. Differentiated PPDCs may be assessed
by detection of nestin, TuJ1 (BIII tubulin), GFAP, tyrosine
hydroxylase, GABA, 04 and/or MBP. In some embodiments,
PPDCs have exhibited the ability to form three-dimensional
bodies characteristic of neuronal stem cell formation of neu-
rospheres.

Cell Populations, Modifications, Components and
Products

Another aspect of the invention features populations of
cells isolated from placental or umbilical tissue. In a preferred
embodiment, the populations comprise the PPDCs described
above, and these cell populations are described in the section
below. In some embodiments, the cell population is hetero-
geneous. A heterogeneous cell population of the invention
may comprise at least about 5%, 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% PPDCs. The heterogeneous
cell populations of the invention may further comprise stem
cells or other progenitor cells, such as epithelial or neural
progenitor cells, or it may further comprise fully differenti-
ated cells. In some embodiments, the population is substan-
tially homogeneous, i.e., comprises substantially only
PPDCs (preferably at least about 96%, 97%, 98%, 99% or
more PPDCs). The homogeneous cell population of the
invention may comprise umbilicus- or placenta-derived cells.
Homogeneous populations of umbilicus-derived cells are
preferably free of cells of maternal lineage. Homogeneous
populations of placenta-derived cells may be of neonatal or
maternal lineage. Homogeneity of a cell population may be
achieved by any method known in the art, for example, by cell
sorting (e.g., flow cytometry) or by clonal expansion in accor-
dance with known methods. Thus, preferred homogeneous
PPDC populations may comprise a clonal cell line of post-
partum-derived cells. Such populations are particularly use-
ful when a cell clone with highly desirable functionality has
been isolated.

Also provided herein are populations of cells incubated in
the presence of one or more factors, or under conditions, that
stimulate stem cell differentiation along a desired pathway
(e.g., neural, epithelial). Such factors are known in the art and
the skilled artisan will appreciate that determination of suit-
able conditions for differentiation can be accomplished with
routine experimentation. Optimization of such conditions can
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be accomplished by statistical experimental design and
analysis, for example response surface methodology allows
simultaneous optimization of multiple variables, for example
in abiological culture. Presently preferred factors include, but
are not limited to factors, such as growth or trophic factors,
demethylating agents, co-culture with neural or epithelial
lineage cells or culture in neural or epithelial lineage cell-
conditioned medium, as well other conditions known in the
art to stimulate stem cell differentiation along these pathways
(for factors useful in neural differentiation, see, e.g., Lang, K.
J.D.etal., 2004, J. Neurosci. Res. 76: 184-192; Johe, K. K. et
al., 1996, Genes Devel. 10: 3129-3140; Gottleib, D., 2002,
Ann. Rev. Neurosci. 25: 381-407).

Postpartum cells, preferably PPDCs, may also be geneti-
cally modified to produce therapeutically useful gene prod-
ucts, or to produce antineoplastic agents for treatment of
tumors, for example. Genetic modification may be accom-
plished using any of a variety of vectors including, but not
limited to, integrating viral vectors, e.g., retrovirus vector or
adeno-associated viral vectors; non-integrating replicating
vectors, e.g., papilloma virus vectors, SV40 vectors, adenovi-
ral vectors; or replication-defective viral vectors. Other meth-
ods of introducing DNA into cells include the use of lipo-
somes, electroporation, a particle gun, or by direct DNA
injection.

Hosts cells are preferably transformed or transfected with
DNA controlled by or in operative association with, one or
more appropriate expression control elements such as pro-
moter or enhancer sequences, transcription terminators, poly-
adenylation sites, among others, and a selectable marker. Any
promoter may be used to drive the expression of the inserted
gene. For example, viral promoters include, but are not lim-
ited to, the CMV promoter/enhancer, SV 40, papillomavirus,
Epstein-Barr virus or elastin gene promoter. In some embodi-
ments, the control elements used to control expression of the
gene of interest can allow for the regulated expression of the
gene so that the product is synthesized only when needed in
vivo. Iftransient expression is desired, constitutive promoters
are preferably used in a non-integrating and/or replication-
defective vector. Alternatively, inducible promoters could be
used to drive the expression of the inserted gene when nec-
essary. Inducible promoters include, but are not limited to
those associated with metallothionein and heat shock pro-
teins.

Following the introduction of the foreign DNA, engineered
cells may be allowed to grow in enriched media and then
switched to selective media. The selectable marker in the
foreign DNA confers resistance to the selection and allows
cells to stably integrate the foreign DNA as, for example, on
a plasmid, into their chromosomes and grow to form foci
which, in turn, can be cloned and expanded into cell lines.
This method can be advantageously used to engineer cell
lines that express the gene product.

Cells may be genetically engineered to “knock out” or
“knock down” expression of factors that promote inflamma-
tion or rejection at the implant site. Negative modulatory
techniques for the reduction of target gene expression levels
or target gene product activity levels are discussed below.
“Negative modulation,” as used herein, refers to areduction in
the level and/or activity of target gene product relative to the
level and/or activity of the target gene product in the absence
of'the modulatory treatment. The expression of a gene native
to a neuron or glial cell can be reduced or knocked out using
a number of techniques including, for example, inhibition of
expression by inactivating the gene using the homologous
recombination technique. Typically, an exon encoding an
important region of the protein (or an exon 5' to that region) is
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interrupted by a positive selectable marker, e.g., neo, prevent-
ing the production of normal mRNA from the target gene and
resulting in inactivation of the gene. A gene may also be
inactivated by creating a deletion in part of a gene, or by
deleting the entire gene. By using a construct with two regions
of homology to the target gene that are far apart in the
genome, the sequences intervening the two regions can be
deleted (Mombaerts et al., 1991, Proc. Nat. Acad. Sci. U.S.A.
88:3084). Antisense, DNAzymes, ribozymes, small interfer-
ing RNA (siRNA) and other such molecules that inhibit
expression of the target gene can also be used to reduce the
level of target gene activity. For example, antisense RNA
molecules that inhibit the expression of major histocompat-
ibility gene complexes (HLLA) have been shown to be most
versatile with respect to immune responses. Still further,
triple helix molecules can be utilized in reducing the level of
target gene activity. These techniques are described in detail
by L. G. Davis et al. (eds), 1994, BASIC METHODS IN
MOLECULAR BIOLOGY, 2nd ed., Appleton & Lange, Nor-
walk, Conn.

In other aspects, the invention provides cell lysates and cell
soluble fractions prepared from postpartum stem cells, pref-
erably PPDCs, or heterogeneous or homogeneous cell popu-
lations comprising PPDCs, as well as PPDCs or populations
thereof that have been genetically modified or that have been
stimulated to differentiate along a neurogenic pathway. Such
lysates and fractions thereof have many utilities. Use of the
cell lysate soluble fraction (i.e., substantially free of mem-
branes) in vivo, for example, allows the beneficial intracellu-
lar milieu to be used allogeneically in a patient without intro-
ducing an appreciable amount of the cell surface proteins
most likely to trigger rejection, or other adverse immunologi-
cal responses. Methods of lysing cells are well known in the
art and include various means of mechanical disruption,
enzymatic disruption, or chemical disruption, or combina-
tions thereof. Such cell lysates may be prepared from cells
directly in their Growth Medium and thus containing secreted
growth factors and the like, or may be prepared from cells
washed free of medium in, for example, PBS or other solu-
tion. Washed cells may be resuspended at concentrations
greater than the original population density if preferred.

In one embodiment, whole cell lysates are prepared, e.g.,
by disrupting cells without subsequent separation of cell frac-
tions. In another embodiment, a cell membrane fraction is
separated from a soluble fraction of the cells by routine meth-
ods known in the art, e.g., centrifugation, filtration, or similar
methods.

Cell lysates or cell soluble fractions prepared from popu-
lations of postpartum-derived cells may be used as is, further
concentrated, by for example, ultrafiltration or lyophilization,
or even dried, partially purified, combined with pharmaceu-
tically-acceptable carriers or diluents as are known in the art,
or combined with other compounds such as biologicals, for
example pharmaceutically useful protein compositions. Cell
lysates or fractions thereof may be used in vitro or in vivo,
alone or for example, with autologous or syngeneic live cells.
The lysates, if introduced in vivo, may be introduced locally
at a site of treatment, or remotely to provide, for example
needed cellular growth factors to a patient.

In a further embodiment, postpartum cells, preferably
PPDCs, can be cultured in vitro to produce biological prod-
ucts in high yield. For example, such cells, which either
naturally produce a particular biological product of interest
(e.g., atrophic factor), or have been genetically engineered to
produce a biological product, can be clonally expanded using
the culture techniques described herein. Alternatively, cells
may be expanded in a medium that induces differentiation to
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adesired lineage. In either case, biological products produced
by the cell and secreted into the medium can be readily
isolated from the conditioned medium using standard sepa-
ration techniques, e.g., such as differential protein precipita-
tion, ion-exchange chromatography, gel filtration chromatog-
raphy, electrophoresis, and HPLC, to name a few. A
“bioreactor” may be used to take advantage of the flow
method for feeding, for example, a three-dimensional culture
in vitro. Essentially, as fresh media is passed through the
three-dimensional culture, the biological product is washed
out of the culture and may then be isolated from the outflow,
as above.

Alternatively, a biological product of interest may remain
within the cell and, thus, its collection may require that the
cells be lysed, as described above. The biological product
may then be purified using any one or more of the above-listed
techniques.

In other embodiments, the invention provides conditioned
medium from cultured postpartum cells, preferably PPDCs,
for use in vitro and in vivo as described below. Use of such
conditioned medium allows the beneficial trophic factors
secreted by the postpartum cells to be used allogeneically in
a patient without introducing intact cells that could trigger
rejection, or other adverse immunological responses. Condi-
tioned medium is prepared by culturing cells in a culture
medium, then removing the cells from the medium.

Conditioned medium prepared from populations of post-
partum-derived cells may be used as is, further concentrated,
by for example, ultrafiltration or lyophilization, or even dried,
partially purified, combined with pharmaceutically-accept-
able carriers or diluents as are known in the art, or combined
with other compounds such as biologicals, for example phar-
maceutically useful protein compositions. Conditioned
medium may be used in vitro or in vivo, alone or for example,
with autologous or syngeneic live cells. The conditioned
medium, if introduced in vivo, may be introduced locally at a
site of treatment, or remotely to provide, for example needed
cellular growth or trophic factors to a patient.

In another embodiment, an extracellular matrix (ECM)
produced by culturing postpartum cells (preferably PPDCs)
on liquid, solid or semi-solid substrates is prepared, collected
and utilized as an alternative to implanting live cells into a
subject in need of tissue repair or replacement. The cells are
cultured in vitro, on a three dimensional framework as
described elsewhere herein, under conditions such that a
desired amount of ECM is secreted onto the framework. The
cells and the framework are removed, and the ECM processed
for further use, for example, as an injectable preparation. To
accomplish this, cells on the framework are killed and any
cellular debris removed from the framework. This process
may be carried out in a number of different ways. For
example, the living tissue can be flash-frozen in liquid nitro-
gen without a cryopreservative, or the tissue can be immersed
in sterile distilled water so that the cells burst in response to
osmotic pressure.

Once the cells have been killed, the cellular membranes
may be disrupted and cellular debris removed by treatment
with a mild detergent rinse, such as EDTA, CHAPS or a
zwitterionic detergent. Alternatively, the tissue can be enzy-
matically digested and/or extracted with reagents that break
down cellular membranes and allow removal of cell contents.
Example of such enzymes include, but are not limited to,
hyaluronidase, dispase, proteases, and nucleases. Examples
of detergents include non-ionic detergents such as, for
example, alkylaryl polyether alcohol (TRITON X-100),
octylphenoxy polyethoxy-ethanol (Rohm and Haas Philadel-
phia, Pa.), BRIJ-35, a polyethoxyethanol lauryl ether (Atlas
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Chemical Co., San Diego, Calif.), polysorbate 20 (TWEEN
20), a polyethoxyethanol sorbitan monolaureate (Rohm and
Haas), polyethylene lauryl ether (Rohm and Haas); and ionic
detergents such as, for example, sodium dodecyl sulphate,
sulfated higher aliphatic alcohols, sulfonated alkanes and
sulfonated alkylarenes containing 7 to 22 carbon atoms in a
branched or unbranched chain.

The collection of the ECM can be accomplished in a vari-
ety of ways, depending, for example, on whether the new
tissue has been formed on a three-dimensional framework
that is biodegradable or non-biodegradable. For example, if
the framework is non-biodegradable, the ECM can be
removed by subjecting the framework to sonication, high-
pressure water jets, mechanical scraping, or mild treatment
with detergents or enzymes, or any combination of the above.

If the framework is biodegradable, the ECM can be col-
lected, for example, by allowing the framework to degrade or
dissolve in solution. Alternatively, if the biodegradable
framework is composed of a material that can itself be
injected along with the ECM, the framework and the ECM
can be processed in toto for subsequent injection. Alterna-
tively, the ECM can be removed from the biodegradable
framework by any of the methods described above for collec-
tion of ECM from a non-biodegradable framework. All col-
lection processes are preferably designed so as not to dena-
ture the ECM.

After it has been collected, the ECM may be processed
further. For example, the ECM can be homogenized to fine
particles using techniques well known in the art such as by
sonication, so that it can pass through a surgical needle. The
components of the ECM can be crosslinked, if desired, by
gamma irradiation. Preferably, the ECM can be irradiated
between 0.25 to 2 mega rads to sterilize and cross link the
ECM. Chemical crosslinking using agents that are toxic, such
as glutaraldehyde, is possible but not generally preferred.

The amounts and/or ratios of proteins, such as the various
types of collagen present in the ECM, may be adjusted by
mixing the ECM produced by the cells of the invention with
ECM of one or more other cell types. In addition, biologically
active substances such as proteins, growth factors and/or
drugs, can be incorporated into the ECM. Exemplary biologi-
cally active substances include tissue growth factors, such as
TGF-beta, and the like, which promote healing and tissue
repair at the site of the injection. Such additional agents may
beutilized in any of the embodiments described herein above,
e.g., with whole cell lysates, soluble cell fractions, or further
purified components and products produced by the cells.

In another embodiment, postpartum cells (preferably
PPDCs) are used to re-surface Bruch’s membrane that has
undergone modifications due to age. Such modifications
include, for example, increased thickness, deposition of
extracellular matrix and lipids, cross-linking of protein, non-
enzymatic formation of advanced glycation end products. In
one embodiment, the age-related changes in Bruch’s mem-
brane cause dissociation of RPE cells from the Bruch’s mem-
brane, and ultimately result in photoreceptor cell death. In
one aspect of the present invention, the resurfacing of Bruch’s
membrane by postpartum cells (preferably PPDCs) prevents
the dissociation of RPE cells from the Bruch’s membrane. In
an alternate embodiment, the postpartum cells promote the
attachment of RPE cells to Bruch’s membrane. The RPE cells
may be endogenous, or they may be transplanted RPE cells.

Pharmaceutical Compositions

In another aspect, the invention provides pharmaceutical
compositions that utilize postpartum cells, preferably
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PPDCs, cell populations and cell components and products in
various methods for treatment of ocular degenerative condi-
tions. Certain embodiments encompass pharmaceutical com-
positions comprising live cells (e.g., PPDCs alone or admixed
with other cell types). Other embodiments encompass phar-
maceutical compositions comprising PPDC cellular compo-
nents (e.g., cell lysates, soluble cell fractions, conditioned
medium, ECM, or components of any of the foregoing) or
products (e.g., trophic and other biological factors produced
naturally by PPDCs or through genetic modification, condi-
tioned medium from PPDC culture). In either case, the phar-
maceutical composition may further comprise other active
agents, such as anti-inflammatory agents, anti-apoptotic
agents, antioxidants, growth factors, neurotrophic factors or
neuroregenerative, neuroprotective or ophthalmic drugs as
known in the art.

Examples of other components that may be added to PPDC
pharmaceutical compositions include, but are not limited to:
(1) other neuroprotective or neurobeneficial drugs; (2)
selected extracellular matrix components, such as one or
more types of collagen known in the art, and/or growth fac-
tors, platelet-rich plasma, and drugs (alternatively, PPDCs
may be genetically engineered to express and produce growth
factors); (3) anti-apoptotic agents (e.g., erythropoietin (EPO),
EPO mimetibody, thrombopoietin, insulin-like growth factor
(IGF)-1, IGF-II, hepatocyte growth factor, caspase inhibi-
tors); (4) anti-inflammatory compounds (e.g., p38 MAP
kinase inhibitors, TGF-beta inhibitors, statins, 1L.-6 and IL-1
inhibitors, PEMIROLAST, TRANILAST, REMICADE,
SIROLIMUS, and non-steroidal anti-inflammatory drugs
(NSAIDS) (such as TEPDXALIN, TOLMETIN, and
SUPROFEN); (5) immunosuppressive or immunomodula-
tory agents, such as calcineurin inhibitors, mTOR inhibitors,
antiproliferatives, corticosteroids and various antibodies; (6)
antioxidants such as probucol, vitamins C and E, conenzyme
Q-10, glutathione, L-cysteine and N-acetylcysteine; and (6)
local anesthetics, to name a few.

Pharmaceutical compositions of the invention comprise
postpartum cells (preferably PPDCs), or components or prod-
ucts thereof, formulated with a pharmaceutically acceptable
carrier or medium. Suitable pharmaceutically acceptable car-
riers include water, salt solution (such as Ringer’s solution),
alcohols, oils, gelatins, and carbohydrates, such as lactose,
amylose, or starch, fatty acid esters, hydroxymethylcellulose,
and polyvinyl pyrolidine. Such preparations can be sterilized,
and if desired, mixed with auxiliary agents such as lubricants,
preservatives, stabilizers, wetting agents, emulsifiers, salts
for influencing osmotic pressure, buffers, and coloring. Typi-
cally, but not exclusively, pharmaceutical compositions com-
prising cellular components or products, but not live cells, are
formulated as liquids. Pharmaceutical compositions compris-
ing PPDC live cells are typically formulated as liquids, semi-
solids (e.g., gels) or solids (e.g., matrices, scaffolds and the
like, as appropriate for ophthalmic tissue engineering).

Pharmaceutical compositions may comprise auxiliary
components as would be familiar to medicinal chemists or
biologists. For example, they may contain antioxidants in
ranges that vary depending on the kind of antioxidant used.
Reasonable ranges for commonly used antioxidants are about
0.01% to about 0.15% weight by volume of EDTA, about
0.01% to about 2.0% weight volume of sodium sulfite, and
about 0.01% to about 2.0% weight by volume of sodium
metabisulfite. One skilled in the art may use a concentration
of'about 0.1% weight by volume for each of the above. Other
representative compounds include mercaptopropionyl gly-
cine, N-acetyl cysteine, beta-mercaptoethylamine, glu-
tathione and similar species, although other antioxidant
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agents suitable for ocular administration, e.g. ascorbic acid
and its salts or sulfite or sodium metabisulfite may also be
employed.

A buffering agent may be used to maintain the pH of eye
drop formulations in the range of about 4.0 to about 8.0; so as
to minimize irritation of the eye. For direct intravitreal or
intraocular injection, formulations should be at pH7.210 7.5,
preferably at pH 7.3-7.4. The ophthalmologic compositions
may also include tonicity agents suitable for administration to
the eye. Among those suitable is sodium chloride to make
formulations approximately isotonic with 0.9% saline solu-
tion.

In certain embodiments, pharmaceutical compositions are
formulated with viscosity enhancing agents. Exemplary
agents are hydroxyethylcellulose, hydroxypropylcellulose,
methylcellulose, and polyvinylpyrrolidone. The pharmaceu-
tical compositions may have cosolvents added if needed.
Suitable cosolvents may include glycerin, polyethylene gly-
col (PEG), polysorbate, propylene glycol, and polyvinyl alco-
hol. Preservatives may also be included, e.g., benzalkonium
chloride, benzethonium chloride, chlorobutanol, phenylmer-
curic acetate or nitrate, thimerosal, or methyl or propylpara-
bens.

Formulations for injection are preferably designed for
single-use administration and do not contain preservatives.
Injectable solutions should have isotonicity equivalent to
0.9% sodium chloride solution (osmolality of 290-300 mil-
liosmoles). This may be attained by addition of sodium chlo-
ride or other co-solvents as listed above, or excipients such as
buffering agents and antioxidants, as listed above.

The tissues of the anterior chamber of the eye are bathed by
the aqueous humor, while the retina is under continuous expo-
sure to the vitreous. These fluids/gels exist in a highly reduc-
ing redox state because they contain antioxidant compounds
and enzymes. Therefore, it may be advantageous to include a
reducing agent in the ophthalmologic compositions. Suitable
reducing agents include N-acetylcysteine, ascorbic acid or a
salt form, and sodium sulfite or metabisulfite, with ascorbic
acid and/or N-acetylcysteine or glutathione being particularly
suitable for injectable solutions.

Pharmaceutical compositions comprising cells, cell com-
ponents or cell products may be delivered to the eye of a
patient in one or more of several delivery modes known in the
art. In one embodiment that may be suitable for use in some
instances, the compositions are topically delivered to the eye
in eye drops or washes. In another embodiment, the compo-
sitions may be delivered to various locations within the eye
via periodic intraocular injection or by infusion in an irrigat-
ing solution such as BSS or BSS PLUS (Alcon USA, Fort
Worth, Tex.). Alternatively, the compositions may be applied
in other ophthalmologic dosage forms known to those skilled
in the art, such as pre-formed or in situ-formed gels or lipo-
somes, for example as disclosed in U.S. Pat. No. 5,718,922 to
Herrero-Vanrell. In another embodiment, the composition
may be delivered to or through the lens of an eye in need of
treatment via a contact lens (e.g. Lidofilcon B, Bausch &
Lomb CW79 or DELTACON (Deltafilcon A) or other object
temporarily resident upon the surface of the eye. In other
embodiments, supports such as a collagen corneal shield (e.g.
BIO-COR dissolvable corneal shields, Summit Technology,
Watertown, Mass.) can be employed. The compositions can
also be administered by infusion into the eyeball, either
through a cannula from an osmotic pump (ALZET, Alza
Corp., Palo Alto, Calif.) or by implantation of timed-release
capsules (OCCUSENT) or biodegradable disks (OCULEX,
OCUSERT). These routes of administration have the advan-
tage of providing a continuous supply of the pharmaceutical
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composition to the eye. This may be an advantage for local
delivery to the cornea, for example.

Pharmaceutical compositions comprising live cells in a
semi-solid or solid carrier are typically formulated for surgi-
cal implantation at the site of ocular damage or distress. It will
be appreciated that liquid compositions also may be admin-
istered by surgical procedures. In particular embodiments,
semi-solid or solid pharmaceutical compositions may com-
prise semi-permeable gels, lattices, cellular scaffolds and the
like, which may be non-biodegradable or biodegradable. For
example, in certain embodiments, it may be desirable or
appropriate to sequester the exogenous cells from their sur-
roundings, yet enable the cells to secrete and deliver biologi-
cal molecules to surrounding cells. In these embodiments,
cells may be formulated as autonomous implants comprising
living PPDCs or cell population comprising PPDCs sur-
rounded by a non-degradable, selectively permeable barrier
that physically separates the transplanted cells from host tis-
sue. Such implants are sometimes referred to as “immuno-
protective,” as they have the capacity to prevent immune cells
and macromolecules from killing the transplanted cells in the
absence of pharmacologically induced immunosuppression
(for a review of such devices and methods, see, e.g., P. A.
Tresco et al., 2000, Adv. Drug Delivery Rev. 42: 3-27).

In other embodiments, different varieties of degradable
gels and networks are utilized for the pharmaceutical compo-
sitions of the invention. For example, degradable materials
particularly suitable for sustained release formulations
include biocompatible polymers, such as poly(lactic acid),
poly(lactic-co-glycolic acid), methylcellulose, hyaluronic
acid, collagen, and the like. The structure, selection and use of
degradable polymers in drug delivery vehicles have been
reviewed in several publications, including, A. Domb et al.,
1992, Polymers for Advanced Technologies 3:279. U.S. Pat.
No. 5,869,079 to Wong et al. disclose combinations of hydro-
philic and hydrophobic entities in a biodegradable sustained
release ocular implant. In addition, U.S. Pat. No. 6,375,972 to
Guoetal., U.S. Pat. No. 5,902,598 to Chenetal., U.S. Pat. No.
6,331,313 to Wong et al., U.S. Pat. No. 5,707,643 to Ogura et
al., U.S. Pat. No. 5,466,233 to Weiner et al. and U.S. Pat. No.
6,251,090 to Avery et al. each describes intraocular implant
devices and systems that may be used to deliver pharmaceu-
tical compositions.

In other embodiments, e.g., for repair of neural lesions,
such as a damaged or severed optic nerve, it may be desirable
or appropriate to deliver the cells on or in a biodegradable,
preferably bioresorbable or bioabsorbable, scaffold or
matrix. These typically three-dimensional biomaterials con-
tain the living cells attached to the scaftold, dispersed within
the scaffold, or incorporated in an extracellular matrix
entrapped in the scaffold. Once implanted into the target
region of the body, these implants become integrated with the
host tissue, wherein the transplanted cells gradually become
established (see, e.g., P. A. Tresco et al., 2000, supra; see also
D. W. Hutmacher, 2001, J. Biomater. Sci. Polymer Edn. 12:
107-174).

Examples of scaffold or matrix (sometimes referred to
collectively as “framework”) material that may be used in the
present invention include nonwoven mats, porous foams, or
self-assembling peptides. Nonwoven mats may, for example,
be formed using fibers comprised of a synthetic absorbable
copolymer of glycolic and lactic acids (PGA/PLA), sold
under the trade name VICRYL (Ethicon, Inc., Somerville,
N.J.), Foams, composed of, for example, poly(epsilon-capro-
lactone)/poly (glycolic acid) (PCL/PGA) copolymer, formed
by processes such as freeze-drying, or lyophilized, as dis-
cussed in U.S. Pat. No. 6,355,699 also may be utilized.
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Hydrogels such as self-assembling peptides (e.g., RAD16)
may also be used. In situ-forming degradable networks are
also suitable for use in the invention (see, e.g., Anseth, K. S.
et al., 2002, J. Controlled Release 78: 199-209; Wang, D. et
al., 2003, Biomaterials 24: 3969-3980; U.S. Patent Publica-
tion 2002/0022676 to He et al.). These materials are formu-
lated as fluids suitable for injection, and then may be induced
by a variety of means (e.g., change in temperature, pH, expo-
sure to light) to form degradable hydrogel networks in situ or
in vivo.

In another embodiment, the framework is a felt, which can
be composed of a multifilament yarn made from a bioabsorb-
able material, e.g., PGA, PLA, PCL copolymers or blends, or
hyaluronic acid. The yarn is made into a felt using standard
textile processing techniques consisting of crimping, cutting,
carding and needling. In another embodiment, cells are
seeded onto foam scaffolds that may be composite structures.

In many of the abovementioned embodiments, the frame-
work may be molded into a useful shape. Furthermore, it will
be appreciated that PPDCs may be cultured on pre-formed,
non-degradable surgical or implantable devices, e.g., in a
manner corresponding to that used for preparing fibroblast-
containing GDC endovascular coils, for instance (Marx, W. F.
etal., 2001, Am. J. Neuroradiol. 22: 323-333).

The matrix, scaffold or device may be treated prior to
inoculation of cells in order to enhance cell attachment. For
example, prior to inoculation, nylon matrices can be treated
with 0.1 molar acetic acid and incubated in polylysine, PBS,
and/or collagen to coat the nylon. Polystyrene can be simi-
larly treated using sulfuric acid. The external surfaces of a
framework may also be modified to improve the attachment
or growth of cells and differentiation of tissue, such as by
plasma coating the framework or addition of one or more
proteins (e.g., collagens, elastic fibers, reticular fibers), gly-
coproteins, glycosaminoglycans (e.g., heparin sulfate, chon-
droitin-4-sulfate, chondroitin-6-sulfate, dermatan sulfate,
keratin sulfate), a cellular matrix, and/or other materials such
as, but not limited to, gelatin, alginates, agar, agarose, and
plant gums, among others.

Frameworks containing living cells are prepared according
to methods known in the art. For example, cells can be grown
freely in a culture vessel to sub-confluency or confluency,
lifted from the culture and inoculated onto the framework.
Growth factors may be added to the culture medium prior to,
during, or subsequent to inoculation of the cells to trigger
differentiation and tissue formation, if desired. Alternatively,
the frameworks themselves may be modified so that the
growth of cells thereon is enhanced, or so that the risk of
rejection of the implant is reduced. Thus, one or more bio-
logically active compounds, including, but not limited to,
anti-inflammatory agents, immunosuppressants or growth
factors, may be added to the framework for local release.

Methods of Use

Postpartum cells, preferably PPDCs, or cell populations,
components of or products produced by such cells, may be
used in a variety of ways to support and facilitate repair and
regeneration of ocular cells and tissues. Such utilities encom-
pass in vitro, ex vivo and in vivo methods. The methods set
forth below are directed to PPDCs, but other postpartum cells
may also be suitable for use in those methods.

In Vitro and Ex Vivo Methods

In one embodiment, PPDCs may be used in vitro to screen
a wide variety of compounds for effectiveness and cytotox-
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icity of pharmaceutical agents, growth factors, regulatory
factors, and the like. For example, such screening may be
performed on substantially homogeneous populations of
PPDCs to assess the efficacy or toxicity of candidate com-
pounds to be formulated with, or co-administered with, the
PPDCs, for treatment of a an ocular condition. Alternatively,
such screening may be performed on PPDCs that have been
stimulated to differentiate into a cell type found in the eye, or
progenitor thereof, for the purpose of evaluating the efficacy
of new pharmaceutical drug candidates. In this embodiment,
the PPDCs are maintained in vitro and exposed to the com-
pound to be tested. The activity of a potentially cytotoxic
compound can be measured by its ability to damage or kill
cells in culture. This may readily be assessed by vital staining
techniques. The effect of growth or regulatory factors may be
assessed by analyzing the number or robustness of the cul-
tured cells, as compared with cells not exposed to the factors.
This may be accomplished using standard cytological and/or
histological techniques, including the use of immunocy-
tochemical techniques employing antibodies that define type-
specific cellular antigens.

In a further embodiment, as discussed above, PPDCs can
be cultured in vitro to produce biological products that are
either naturally produced by the cells, or produced by the cells
when induced to differentiate into other lineages, or produced
by the cells via genetic modification. For instance, TIMP1,
TPO, KGF, HGF, FGF, HBEGF, BDNF, MIP1b, MCP1,
RANTES, 1309, TARC, MDC, and IL-8 were found to be
secreted from umbilicus-derived cells grown in Growth
Medium. TIMP1, TPO, KGF, HGF, HBEGF, BDNF, MIP1a,
MCP-1, RANTES, TARC, Eotaxin, and IL-8 were found to
be secreted from placenta-derived PPDCs cultured in Growth
Medium (see Examples). Some of these trophic factors, such
as BDNF and IL-6, have important roles in neural regenera-
tion. Other trophic factors, as yet undetected or unexamined,
of'useinrepair and regeneration of ocular tissues, are likely to
be produced by PPDCs and possibly secreted into the
medium.

In this regard, another embodiment of the invention fea-
tures use of PPDCs for production of conditioned medium,
either from undifferentiated PPDCs or from PPDCs incu-
bated under conditions that stimulate differentiation. Such
conditioned media are contemplated for use in in vitro or ex
vivo culture of epithelial or neural precursor cells, for
example, or in vivo to support transplanted cells comprising
homogeneous populations of PPDCs or heterogeneous popu-
lations comprising PPDCs and other progenitors, for
example.

Yet another embodiment comprises the use of PPCD cell
lysates, soluble cell fractions or components thereof, or ECM
or components thereof, for a variety of purposes. As men-
tioned above, some of these components may be used in
pharmaceutical compositions. In other embodiments, a cell
lysate or ECM is used to coat or otherwise treat substances or
devices to be used surgically, or for implantation, or for ex
vivo purposes, to promote healing or survival of cells or
tissues contacted in the course of such treatments.

As described in Examples 13 and 15, PPDCs have demon-
strated the ability to support survival, growth and differentia-
tion of adult neural progenitor cells when grown in co-culture
with those cells. Likewise, the experimental results set forth
in Example 18 indicates that PPDCs may function to support
cells of the retina via trophic mechanisms. Accordingly, in
another embodiment, PPDCs are used advantageously in co-
cultures in vitro to provide trophic support to other cells, in
particular neural cells and neural and ocular progenitors (e.g.,
neural stem cells and retinal or corneal epithelial stem cells).
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For co-culture, it may be desirable for the PPDCs and the
desired other cells to be co-cultured under conditions in
which the two cell types are in contact. This can be achieved,
for example, by seeding the cells as a heterogeneous popula-
tion of cells in culture medium or onto a suitable culture
substrate. Alternatively, the PPDCs can first be grown to
confluence, and then will serve as a substrate for the second
desired cell type in culture. In this latter embodiment, the cells
may further be physically separated, e.g., by a membrane or
similar device, such that the other cell type may be removed
and used separately, following the co-culture period. Use of
PPDCs in co-culture to promote expansion and differentia-
tion of neural or ocular cell types may find applicability in
research and in clinical/therapeutic areas. For instance, PPDC
co-culture may be utilized to facilitate growth and differen-
tiation of such cells in culture, for basic research purposes or
for use in drug screening assays, for example. PPDC co-
culture may also be utilized for ex vivo expansion of neural or
ocular progenitors for later administration for therapeutic
purposes. For example, neural or ocular progenitor cells may
be harvested from an individual, expanded ex vivo in co-
culture with PPDCs, then returned to that individual (autolo-
gous transter) or another individual (syngeneic or allogeneic
transfer). In these embodiments, it will be appreciated that,
following ex vivo expansion, the mixed population of cells
comprising the PPDCs and progenitors could be administered
to a patient in need of treatment. Alternatively, in situations
where autologous transfer is appropriate or desirable, the
co-cultured cell populations may be physically separated in
culture, enabling removal of the autologous progenitors for
administration to the patient.

In Vivo Methods

As set forth in Examples 16, 17, and 18, PPDCs have been
shown to be effectively transplanted into the body, and to
supply lost neural or retinal function in animal models
accepted for their predictability of efficacy in humans. These
results support a preferred embodiment of the invention,
wherein PPDCs are used in cell therapy for treating an ocular
degenerative condition. Once transplanted into a target loca-
tion in the eye, PPDCs may themselves differentiate into one
or more phenotypes, or they may provide trophic support for
ocular cells in situ, or they may exert a beneficial effect in both
of those fashions, among others.

PPDCs may be administered alone (e.g., as substantially
homogeneous populations) or as admixtures with other cells.
As described above, PPDCs may be administered as formu-
lated in a pharmaceutical preparation with a matrix or scaf-
fold, or with conventional pharmaceutically acceptable car-
riers. Where PPDCs are administered with other cells, they
may be administered simultaneously or sequentially with the
other cells (either before or after the other cells). Cells that
may be administered in conjunction with PPDCs include, but
are not limited to, neurons, astrocytes, oligodendrocytes, neu-
ral progenitor cells, neural stem cells, ocular progenitor cells,
retinal or corneal epithelial stem cells and/or other multipo-
tent or pluripotent stem cells. The cells of different types may
be admixed with the PPDCs immediately or shortly prior to
administration, or they may be co-cultured together for a
period of time prior to administration.

The PPDCs may be administered with other beneficial
drugs, biological molecules, such as growth factors, trophic
factors, conditioned medium (from postpartum cells or from
progenitor or differentiated cell cultures), or other active
agents, such as anti-inflammatory agents, anti-apoptotic
agents, antioxidants, growth factors, neurotrophic factors or
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neuroregenerative or neuroprotective drugs as known in the
art. When PPDCs are administered with other agents, they
may be administered together in a single pharmaceutical
composition, or in separate pharmaceutical compositions,
simultaneously or sequentially with the other agents (either
before or after administration of the other agents).

Examples of other components that may be administered
with postpartum cells include, but are not limited to: (1) other
neuroprotective or neurobeneficial drugs; (2) selected extra-
cellular matrix components, such as one or more types of
collagen known in the art, and/or growth factors, platelet-rich
plasma, and drugs (alternatively, the cells may be genetically
engineered to express and produce growth factors); (3) anti-
apoptotic agents (e.g., erythropoietin (EPO), EPO mimeti-
body, thrombopoietin, insulin-like growth factor (IGF)-,
IGF-1I, hepatocyte growth factor, caspase inhibitors); (4)
anti-inflammatory compounds (e.g., p38 MAP kinase inhibi-
tors, TGF-beta inhibitors, statins, IL-6 and IL-1 inhibitors,
PEMIROLAST, TRANILAST, REMICADE, SIROLIMUS,
and non-steroidal anti-inflammatory drugs (NSAIDS) (such
as TEPDXALIN, TOLMETIN, and SUPROFEN); (5) immu-
nosuppressive or immunomodulatory agents, such as cal-
cineurin inhibitors, mTOR inhibitors, antiproliferatives, cor-
ticosteroids and various antibodies; (6) antioxidants such as
probucol, vitamins C and E, conenzyme Q-10, glutathione,
L-cysteine and N-acetylcysteine; and (6) local anesthetics, to
name a few.

In one embodiment, PPDCs are administered as undiffer-
entiated cells, i.e., as cultured in Growth Medium. Alterna-
tively, PPDCs may be administered following exposure in
culture to conditions that stimulate differentiation toward a
desired phenotype.

The cells may be surgically implanted, injected or other-
wise administered directly or indirectly to the site of ocular
damage or distress. When cells are administered in semi-solid
or solid devices, surgical implantation into a precise location
in the body is typically a suitable means of administration.
Liquid or fluid pharmaceutical compositions, however, may
be administered to a more general location in the eye (e.g.,
topically or intra-ocularly).

Other embodiments encompass methods of treating ocular
degenerative conditions by administering pharmaceutical
compositions comprising PPDC cellular components (e.g.,
cell lysates or components thereof) or products (e.g., trophic
and other biological factors produced naturally by PPDCs or
through genetic modification, conditioned medium from
PPDC culture). Again, these methods may further comprise
administering other active agents, such as growth factors,
neurotrophic factors or neuroregenerative or neuroprotective
drugs as known in the art.

Dosage forms and regimes for administering PPDCs or any
of the other pharmaceutical compositions described herein
are developed in accordance with good medical practice,
taking into account the condition of the individual patient,
e.g., nature and extent of the ocular degenerative condition,
age, sex, body weight and general medical condition, and
other factors known to medical practitioners. Thus, the effec-
tive amount of a pharmaceutical composition to be adminis-
tered to a patient is determined by these considerations as
known in the art.

It may be desirable or appropriate to pharmacologically
immunosuppress a patient prior to initiating cell therapy. This
may be accomplished through the use of systemic or local
immunosuppressive agents, or it may be accomplished by
delivering the cells in an encapsulated device, as described
above. These and other means for reducing or eliminating an
immune response to the transplanted cells are known in the
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art. As an alternative, PPDCs may be genetically modified to
reduce their immunogenicity, as mentioned above.

Survival of transplanted cells in a living patient can be
determined through the use of a variety of scanning tech-
niques, e.g., computerized axial tomography (CAT or CT)
scan, magnetic resonance imaging (MRI) or positron emis-
sion tomography (PET) scans. Determination of transplant
survival can also be done post mortem by removing the tissue
and examining it visually or through a microscope. Alterna-
tively, cells can be treated with stains that are specific for
neural or ocular cells or products thereof, e.g., neurotransmit-
ters. Transplanted cells can also be identified by prior incor-
poration of tracer dyes such as rhodamine- or fluorescein-
labeled microspheres, fast blue, ferric microparticles,
bisbenzamide or genetically introduced reporter gene prod-
ucts, such as beta-galactosidase or beta-glucuronidase.

Functional integration of transplanted cells into ocular tis-
sue of a subject can be assessed by examining restoration of
the ocular function that was damaged or diseased. For
example, effectiveness in the treatment of macular degenera-
tion or other retinopathies may be determined by improve-
ment of visual acuity and evaluation for abnormalities and
grading of stereoscopic color fundus photographs. (Age-Re-
lated Eye Disease Study Research Group, NEL, NIH, AREDS
Report No. 8, 2001, Arch. Ophthalmol. 119: 1417-1436).

Kits and Banks

In another aspect, the invention provides kits that utilize
postpartum cells, preferably PPDCs, cell populations, com-
ponents and products thereof in various methods for ocular
regeneration and repair as described above. Where used for
treatment of ocular degenerative conditions, or other sched-
uled treatment, the kits may include one or more cell popu-
lations, including at least postpartum cells and a pharmaceu-
tically acceptable carrier (liquid, semi-solid or solid). The kits
also optionally may include a means of administering the
cells, for example by injection. The kits further may include
instructions for use of the cells. Kits prepared for field hos-
pital use, such as for military use may include full-procedure
supplies including tissue scaffolds, surgical sutures, and the
like, where the cells are to be used in conjunction with repair
of acute injuries. Kits for assays and in vitro methods as
described herein may contain, for example, one or more of (1)
PPDCs or components or products of PPDCs, (2) reagents for
practicing the in vitro method, (3) other cells or cell popula-
tions, as appropriate, and (4) instructions for conducting the
in vitro method.

In yet another aspect, the invention also provides for bank-
ing of tissues, cells, cellular components and cell populations
of the invention. As discussed above, the cells are readily
cryopreserved. The invention therefore provides methods of
cryopreserving the cells in a bank, wherein the cells are stored
frozen and associated with a complete characterization of the
cells based on immunological, biochemical and genetic prop-
erties of the cells. The frozen cells can be thawed and
expanded or used directly for autologous, syngeneic, or allo-
geneic therapy, depending on the requirements of the proce-
dure and the needs of the patient. Preferably, the information
on each cryopreserved sample is stored in a computer, which
is searchable based on the requirements of the surgeon, pro-
cedure and patient with suitable matches being made based
on the characterization of the cells or populations. Preferably,
the cells of the invention are grown and expanded to the
desired quantity of cells and therapeutic cell compositions are
prepared either separately or as co-cultures, in the presence or
absence of a matrix or support. While for some applications it
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may be preferable to use cells freshly prepared, the remainder
can be cryopreserved and banked by freezing the cells and
entering the information in the computer to associate the
computer entry with the samples. Even where it is not neces-
sary to match a source or donor with a recipient of such cells,
forimmunological purposes, the bank system makes it easy to
match, for example, desirable biochemical or genetic prop-
erties of the banked cells to the therapeutic needs. Upon
matching of the desired properties with a banked sample, the
sample is retrieved and prepared for therapeutic use. Cell
lysates, ECM or cellular components prepared as described
herein may also be cryopreserved or otherwise preserved
(e.g., by lyophilization) and banked in accordance with the
present invention.

The following examples are provided to describe the inven-
tion in greater detail. They are intended to illustrate, not to
limit, the invention.

As used in the following examples and elsewhere in the
specification, the term Growth Medium generally refers to a
medium sufficient for the culturing of PPDCs. In particular,
one presently preferred medium for the culturing of the cells
of the invention in comprises Dulbecco’s Modified Essential
Media (also abbreviated DMEM herein). Particularly pre-
ferred is DMEM-low glucose (also DMEM-LG herein) (In-
vitrogen, Carlsbad, Calif.). The DMEM-low glucose is pref-
erably supplemented with 15% (v/v) fetal bovine serum (e.g.
defined fetal bovine serum, Hyclone, Logan Utah), antibiot-
ics/antimycotics ((preferably 50-100 Units/milliliter penicil-
lin, 50-100 microgram/milliliter streptomycin, and 0-0.25
microgram/milliliter amphotericin B; Invitrogen, Carlsbad,
Calif.)), and 0.001% (v/v) 2-mercaptoethanol (Sigma, St.
Louis Mo.). As used in the Examples below, Growth Medium
refers to DMEM-low glucose with 15% fetal bovine serum
and antibiotics/antimycotics (when penicillin/streptomycin
are included, it is preferably at 50 U/ml and 50 microgram/ml
respectively; when penicillin/streptomycin/amphotericin B
are use, it is preferably at 100 U/ml, 100 microgram/ml and
0.25 microgram/ml, respectively). In some cases different
growth media are used, or different supplementations are
provided, and these are normally indicated in the text as
supplementations to Growth Medium.

The following abbreviations may appear in the examples
and elsewhere in the specification and claims: ANG2 (or
Ang?) for angiopoietin 2; APC for antigen-presenting cells;
BDNF for brain-derived neurotrophic factor; bFGF for basic
fibroblast growth factor; bid (BID) for “bis in die” (twice per
day); CK18 for cytokeratin 18; CNS for central nervous sys-
tem; CXC ligand 3 for chemokine receptor ligand 3; DMEM
for Dulbecco’s Minimal Essential Medium; DMEM:Ig (or
DMEM:Lg, DMEM:L.G) for DMEM with low glucose;
EDTA for ethylene diamine tetraacetic acid; EGF (or E) for
epidermal growth factor; FACS for fluorescent activated cell
sorting; FBS for fetal bovine serum; FGF (or F) for fibroblast
growth factor; GCP-2 for granulocyte chemotactic protein-2;
GFAP for glial fibrillary acidic protein; HB-EGF for heparin-
binding epidermal growth factor; HCAEC for Human coro-
nary artery endothelial cells; HGF for hepatocyte growth
factor; hMSC for Human mesenchymal stem cells; HNF-
lalpha for hepatocyte-specific transcription factor; HUVEC
for Human umbilical vein endothelial cells; 1309 for a
chemokine and the ligand for the CCR8 receptor; IGF-1 for
insulin-like growth factor 1; IL-6 for interleukin-6; IL.-8 for
interleukin 8; K19 for keratin 19; K8 for keratin 8; KGF for
keratinocyte growth factor; LIF for leukemia inhibitory fac-
tor; MBP for myelin basic protein; MCP-1 for monocyte
chemotactic protein 1; MDC for macrophage-derived
chemokine; MIPlalpha for macrophage inflammatory pro-
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tein 1 alpha; MIP1beta for macrophage inflammatory protein
1beta; MMP for matrix metalloprotease (MMP); MSC for
mesenchymal stem cells; NHDF for Normal Human Dermal
Fibroblasts; NPE for Neural Progenitor Expansion media; 04
for oligodendrocyte or glial differentiation marker 04; PBMC
for Peripheral blood mononuclear cell; PBS for phosphate
buffered saline; PDGFbb for platelet derived growth factor;
PO for “per 0s” (by mouth); PNS for peripheral nervous
system; Rantes (or RANTES) for regulated on activation,
normal T cell expressed and secreted; thGDF-5 for recombi-
nant human growth and differentiation factor 5; SC for sub-
cutaneously; SDF-1alpha for stromal-derived factor 1 alpha;
SHH for sonic hedgehog; SOP for standard operating proce-
dure; TARC for thymus and activation-regulated chemokine;
TCP for Tissue culture plastic; TCPS for tissue culture poly-
styrene; TGFbeta2 for transforming growth factor beta2;
TGF beta-3 for transforming growth factor beta-3; TIMP1 for
tissue inhibitor of matrix metalloproteinase 1; TPO for
thrombopoietin; TUJ1 for BIII Tubulin; VEGF for vascular
endothelial growth factor; vWF for von Willebrand factor;
and alphaFP for alpha-fetoprotein.

The present invention is further illustrated, but not limited
by, the following examples.

EXAMPLE 1
Derivation of Cells from Postpartum Tissue

This example describes the preparation of postpartum-
derived cells from placental and umbilical cord tissues. Post-
partum umbilical cords and placentae were obtained upon
birth of either a full term or pre-term pregnancy. Cells were
harvested from five separate donors of umbilicus and placen-
tal tissue. Different methods of cell isolation were tested for
their ability to yield cells with: 1) the potential to differentiate
into cells with different phenotypes, a characteristic common
to stem cells, or 2) the potential to provide trophic factors
useful for other cells and tissues.

Methods & Materials

Umbilical Cell Isolation:

Umbilical cords were obtained from National Disease
Research Interchange (NDR1, Philadelphia, Pa.). The tissues
were obtained following normal deliveries. The cell isolation
protocol was performed aseptically in a laminar flow hood. To
remove blood and debris, the cord was washed in phosphate
buffered saline (PBS; Invitrogen, Carlsbad, Calif.) in the
presence of antimycotic and antibiotic (100 units/milliliter
penicillin, 100 micrograms/milliliter streptomycin, 0.25
micrograms/milliliter amphotericin B). The tissues were then
mechanically dissociated in 150 cm? tissue culture plates in
the presence of 50 milliliters of medium (DMEM-Low glu-
cose or DMEM-High glucose; Invitrogen), until the tissue
was minced into a fine pulp. The chopped tissues were trans-
ferred to 50 milliliter conical tubes (approximately 5 grams of
tissue per tube). The tissue was then digested in either
DMEM-Low glucose medium or DMEM-High glucose
medium, each containing antimycotic and antibiotic as
described above. In some experiments, an enzyme mixture of
collagenase and dispase was used (“C:D;” collagenase
(Sigma, St Louis, Mo.), 500 Units/milliliter; and dispase (In-
vitrogen), 50 Units/milliliter in DMEM:-Low glucose
medium). In other experiments a mixture of collagenase,
dispase and hyaluronidase (“C:D:H”) was used (collagenase,
500 Units/milliliter; dispase, 50 Units/milliliter; and hyalu-
ronidase (Sigma), 5 Units/milliliter, in DMEM:-Low glu-
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cose). The conical tubes containing the tissue, medium and
digestion enzymes were incubated at 37° C. in an orbital
shaker (Environ, Brooklyn, N.Y.) at 225 rpm for 2 hrs.

After digestion, the tissues were centrifuged at 150xg for 5
minutes, and the supernatant was aspirated. The pellet was
resuspended in 20 milliliters of Growth Medium (DMEM:
Low glucose (Invitrogen), 15 percent (v/v) fetal bovine serum
(FBS; defined bovine serum; Lot#AND18475; Hyclone,
Logan, Utah), 0.001% (v/v) 2-mercaptoethanol (Sigma), 1
milliliter per 100 milliliters of antibiotic/antimycotic as
described above. The cell suspension was filtered through a
70-micrometer nylon cell strainer (BD Biosciences). An addi-
tional 5 milliliters rinse comprising Growth Medium was
passed through the strainer. The cell suspension was then
passed through a 40-micrometer nylon cell strainer (BD Bio-
sciences) and chased with a rinse of an additional 5 milliliters
of Growth Medium.

The filtrate was resuspended in Growth Medium (total
volume 50 milliliters) and centrifuged at 150xg for 5 minutes.
The supernatant was aspirated and the cells were resuspended
in 50 milliliters of fresh Growth Medium. This process was
repeated twice more.

Upon the final centrifugation supernatant was aspirated
and the cell pellet was resuspended in 5 milliliters of fresh
Growth Medium. The number of viable cells was determined
using Trypan Blue staining. Cells were then cultured under
standard conditions.

The cells isolated from umbilical cords were seeded at
5,000 cells/cm? onto gelatin-coated T-75 cm? flasks (Corning
Inc., Corning, N.Y.) in Growth Medium with antibiotics/
antimycotics as described above. After 2 days (in various
experiments, cells were incubated from 2-4 days), spent
medium was aspirated from the flasks. Cells were washed
with PBS three times to remove debris and blood-derived
cells. Cells were then replenished with Growth Medium and
allowed to grow to confluence (about 10 days from passage 0)
to passage 1. On subsequent passages (from passage 1 to 2
and so on), cells reached sub-confluence (75-85 percent con-
fluence) in 4-5 days. For these subsequent passages, cells
were seeded at 5000 cells/cm?. Cells were grown in a humidi-
fied incubator with 5 percent carbon dioxide and atmospheric
oxygen, at 37° C.

Placental Cell Isolation:

Placental tissue was obtained from NDR1 (Philadelphia,
Pa.). The tissues were from a pregnancy and were obtained at
the time of a normal surgical delivery. Placental cells were
isolated as described for umbilical cell isolation.

The following example applies to the isolation of separate
populations of maternal-derived and neonatal-derived cells
from placental tissue.

The cell isolation protocol was performed aseptically in a
laminar flow hood. The placental tissue was washed in phos-
phate buffered saline (PBS; Invitrogen, Carlsbad, Calif.) in
the presence of antimycotic and antibiotic (as described
above) to remove blood and debris. The placental tissue was
then dissected into three sections: top-line (neonatal side or
aspect), midline (mixed cell isolation neonatal and maternal)
and bottom line (maternal side or aspect).

The separated sections were individually washed several
times in PBS with antibiotic/antimycotic to further remove
blood and debris. Each section was then mechanically disso-
ciated in 150 cm? tissue culture plates in the presence of 50
milliliters of DMEM/Low glucose, to a fine pulp. The pulp
was transferred to 50 milliliter conical tubes. Each tube con-
tained approximately 5 grams of tissue. The tissue was
digested in either DMEM-Low glucose or DMEM-High glu-
cose medium containing antimycotic and antibiotic (100
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U/milliliter penicillin, 100 micrograms/milliliter streptomy-
cin, 0.25 micrograms/milliliter amphotericin B) and diges-
tion enzymes. In some experiments an enzyme mixture of
collagenase and dispase (“C:D”) was used containing colla-
genase (Sigma, St Louis, Mo.) at 500 Units/milliliter and
dispase (Invitrogen) at 50 Units/milliliter in DMEM-Low
glucose medium. In other experiments a mixture of collage-
nase, dispase and hyaluronidase (C:D:H) was used (collage-
nase, 500 Units/milliliter; dispase, 50 Units/milliliter; and
hyaluronidase (Sigma), 5 Units/milliliter in DMEM-Low
glucose). The conical tubes containing the tissue, medium,
and digestion enzymes were incubated for 2 h at 37° C. inan
orbital shaker (Environ, Brooklyn, N.Y.) at 225 rpm.

After digestion, the tissues were centrifuged at 150xg for 5
minutes, the resultant supernatant was aspirated off. The pel-
let was resuspended in 20 milliliters of Growth Medium with
penicillin/streptomycin/amphotericin B. The cell suspension
was filtered through a 70 micometer nylon cell strainer (BD
Biosciences), chased by arinse with an additional 5 milliliters
of Growth Medium. The total cell suspension was passed
through a 40 micometer nylon cell strainer (BD Biosciences)
followed with an additional 5 milliliters of Growth Medium
as a rinse.

The filtrate was resuspended in Growth Medium (total
volume 50 milliliters) and centrifuged at 150xg for 5 minutes.
The supernatant was aspirated and the cell pellet was resus-
pended in 50 milliliters of fresh Growth Medium. This pro-
cess was repeated twice more. After the final centrifugation,
supernatant was aspirated and the cell pellet was resuspended
in 5 milliliters of fresh Growth Medium. A cell count was
determined using the Trypan Blue Exclusion test. Cells were
then cultured at standard conditions.

LIBERASE Cell Isolation:

Cells were isolated from umbilicus tissues in DMEM-Low
glucose medium with LIBERASE (Bochringer Mannheim
Corp., Indianapolis, Ind.) (2.5 milligrams per milliliter,
Blendzyme 3; Roche Applied Sciences, Indianapolis, Ind.)
and hyaluronidase (5 Units/milliliter, Sigma). Digestion of
the tissue and isolation of the cells was as described for other
protease digestions above, using the LIBERASE/hyalu-
ronidase mixture in place of the C:D or C:D:H enzyme mix-
ture. Tissue digestion with LIBERASE resulted in the isola-
tion of cell populations from postpartum tissues that
expanded readily.

Cell Isolation Using Other Enzyme Combinations:

Procedures were compared for isolating cells from the
umbilical cord using differing enzyme combinations.
Enzymes compared for digestion included: i) collagenase; ii)
dispase; iii) hyaluronidase; iv) collagenase:dispase mixture
(C;D); v) collagenase:hyaluronidase mixture (C:H); vi) dis-
pase:hyaluronidase mixture (D:H); and vii) collagenase:dis-
pase:hyaluronidase mixture (C:D:H). Differences in cell iso-
lation utilizing these different enzyme digestion conditions
were observed (Table 1-1).

Isolation of Cells from Residual Blood in the Cords:

Other attempts were made to isolate pools of cells from
umbilical cord by different approaches. In one instance
umbilical cord was sliced and washed with Growth Medium
to dislodge the blood clots and gelatinous material. The mix-
ture of blood, gelatinous material and Growth Medium was
collected and centrifuged at 150xg. The pellet was resus-
pended and seeded onto gelatin-coated flasks in Growth
Medium. From these experiments a cell population was iso-
lated that readily expanded.

Isolation of Cells from Cord Blood:

Cells have also been isolated from cord blood samples
attained from NDR1. The isolation protocol used here was
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that of International Patent Application U.S. Pat. No. 0,229,
971 by Ho et al (Ho, T. W. et al., W0O2003025149 A2).
Samples (50 milliliter and 10.5 milliliters, respectively) of
umbilical cord blood (NDR1, Philadelphia Pa.) were mixed
with lysis buffer (filter-sterilized 155 mM ammonium chlo-
ride, 10 millimolar potassium bicarbonate, 0.1 millimolar
EDTA buffered to pH 7.2 (all components from Sigma, St.
Louis, Mo.)). Cells were lysed at a ratio of 1:20 cord blood to
lysis buffer. The resulting cell suspension was vortexed for 5
seconds, and incubated for 2 minutes at ambient temperature.
The lysate was centrifuged (10 minutes at 200xg). The cell
pellet was resuspended in complete minimal essential
medium (Gibco, Carlsbad Calif.) containing 10 percent fetal
bovine serum (Hyclone, L.ogan Utah), 4 millimolar glutamine
(Mediatech Hemdon, Va.), 100 Units penicillin per 100 mil-
liliters and 100 micrograms streptomycin per 100 milliliters
(Gibco, Carlsbad, Calif.). The resuspended cells were centri-
fuged (10 minutes at 200xg), the supernatant was aspirated,
and the cell pellet was washed in complete medium. Cells
were seeded directly into either T75 flasks (Corning, N.Y.),
T75 laminin-coated flasks, or T175 fibronectin-coated flasks
(both Becton Dickinson, Bedford, Mass.).

Isolation of Cells Using Different Enzyme Combinations
and Growth Conditions:

To determine whether cell populations could be isolated
under different conditions and expanded under a variety of
conditions immediately after isolation, cells were digested in
Growth Medium with or without 0.001 percent (v/v) 2-mer-
captoethanol (Sigma, St. Louis, Mo.), using the enzyme com-
bination of C:D:H, according to the procedures provided
above. Placental-derived cells so isolated were seeded under
avariety of conditions. All cells were grown in the presence of
penicillin/streptomycin. (Table 1-2).

Isolation of Cells Using Different Enzyme Combinations
and Growth Conditions:

In all conditions cells attached and expanded well between
passage Oand 1 (Table 1-2). Cells in conditions 5-8 and 13-16
were demonstrated to proliferate well up to 4 passages after
seeding at which point they were cryopreserved and banked.

Results

Cell Isolation Using Different Enzyme Combinations:

The combination of C:D:H, provided the best cell yield
following isolation, and generated cells, which expanded for
many more generations in culture than the other conditions
(Table 1-1). An expandable cell population was not attained
using collagenase or hyaluronidase alone. No attempt was
made to determine if this result is specific to the collagen that
was tested.

Isolation of Cells Using Different Enzyme Combinations
and Growth Conditions:

Cells attached and expanded well between passage 0 and 1
under all conditions tested for enzyme digestion and growth
(Table 1-2). Cells in experimental conditions 5-8 and 13-16
proliferated well up to 4 passages after seeding, at which
point they were cryopreserved. All cells were banked for
further investigation.

Isolation of Cells from Residual Blood in the Cords:

Nucleated cells attached and grew rapidly. These cells were
analyzed by flow cytometry and were similar to cells obtained
by enzyme digestion.

Isolation of Cells from Cord Blood:

The preparations contained red blood cells and platelets.
No nucleated cells attached and divided during the first 3
weeks. The medium was changed 3 weeks after seeding and
no cells were observed to attach and grow.
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Summary:

Populations of cells can be derived from umbilical cord and
placental tissue efficiently using the enzyme combination
collagenase (a matrix metalloprotease), dispase (a neutral
protease) and hyaluronidase (a mucolytic enzyme that breaks
down hyaluronic acid). LIBERASE, which is a Blendzyme,
may also be used. Specifically, Blendzyme 3, which is colla-
genase (4 Wunsch units/g) and thermolysin (1714 casein
Units/g) was also used together with hyaluronidase to isolate
cells. These cells expanded readily over many passages when
cultured in Growth Medium on gelatin-coated plastic.

Cells were also isolated from residual blood in the cords,
but not cord blood. The presence of cells in blood clots
washed from the tissue that adhere and grow under the con-
ditions used may be due to cells being released during the
dissection process.

EXAMPLE 2
Growth Characteristics of Postpartum-Derived Cells

The cell expansion potential of postpartum-derived cells
(PPDCs) was compared to other populations of isolated stem
cells. The process of cell expansion to senescence is referred
to as Hayflick’s limit (Hayflick L. 1974a, 1974b). Postpar-
tum-derived cells are highly suited for therapeutic use
because they can be readily expanded to sufficient cell num-
bers.

Materials and Methods

Gelatin-Coating Flasks:

Tissue culture plastic flasks were coated by adding 20
milliliters 2% (w/v) porcine gelatin (Type B: 225 Bloom;
Sigma, St Louis, Mo.) to a T75 flask (Corning, Corning, N.Y.)
for 20 minutes at room temperature. After removing the gela-
tin solution, 10 milliliters phosphate-buffered saline (PBS)
(Invitrogen, Carlsbad, Calif.) was added and then aspirated.

Comparison of Expansion Potential of PPDCs with Other
Cell Populations:

For comparison of growth expansion potential the follow-
ing cell populations were utilized; 1) Mesenchymal stem cells
(MSC; Cambrex, Walkersville, Md.); ii) Adipose-derived
cells (U.S. Pat. No. 6,555,374 B1; U.S. Patent Application
US20040058412); iii) Normal dermal skin fibroblasts (cc-
2509 lot #9F0844; Cambrex, Walkersville, Md.); iv) Umbi-
licus-derived cells; and v) Placenta-derived cells. Cells were
initially seeded at 5,000 cells/cm® on gelatin-coated T75
flasks in Growth Medium with penicillin/streptomycin/am-
photericin B. For subsequent passages, cell cultures were
treated as follows. After trypsinization, viable cells were
counted after Trypan Blue staining Cell suspension (50
microliters) was combined with Trypan Blue (50 milliliters,
Sigma, St. Louis Mo.). Viable cell numbers were estimated
using a hemocytometer.

Following counting, cells were seeded at 5,000 cells/cm?
onto gelatin-coated T 75 flasks in 25 milliliters of fresh
Growth Medium. Cells were grown under standard condi-
tions at 37° C. The Growth Medium was changed twice per
week. When cells reached about 85 percent confluence they
were passaged; this process was repeated until the cells
reached senescence.

At each passage, cells were trypsinized and counted. The
viable cell yield, population doubling [In (cell final/cell ini-
tial)/In 2] and doubling time (time in culture (h)/population
doubling) were calculated. For the purposes of determining
optimal cell expansion, the total cell yield per passage was
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determined by multiplying the total yield for the previous
passage by the expansion factor for each passage (i.e., expan-
sion factor=cell final/cell initial).

Expansion Potential of Cell Banks at Low Density:

The expansion potential of cells banked at passage 10 was
also tested, using a different set of conditions. Normal dermal
skin fibroblasts (cc-2509 lot #9F0844; Cambrex, Walkers-
ville, Md.), umbilicus-derived cells, and placenta-derived
cells were tested. These cell populations had been banked at
passage 10 previously, having been cultured at 5,000 cells/
cm? and grown to confluence at each passage to that point.
The effect of cell density on the cell populations following
cell thaw at passage 10 was determined Cells were thawed
under standard conditions and counted using Trypan Blue
staining. Thawed cells were then seeded at 1000 cells/cm? in
DMEM:Low glucose Growth Medium with antibiotic/anti-
mycotic as described above. Cells were grown under standard
atmospheric conditions at 37° C. Growth Medium was
changed twice a week and cells were passaged as they
reached about 85% confluence. Cells were subsequently pas-
saged until senescence, i.e., until they could not be expanded
any further. Cells were trypsinized and counted at each pas-
sage. The cell yield, population doubling (In (cell final/cell
initial)/ln 2) and doubling time (time in culture (h)/population
doubling). The total cell yield per passage was determined by
multiplying total yield for the previous passage by the expan-
sion factor for each passage (i.e., expansion factor=cell final/
cell initial).

Expansion of PPDCs at Low Density from Initial Cell
Seeding:

The expansion potential of freshly isolated PPDCs under
low cell seeding conditions was tested. PPDDs were prepared
as described herein. Cells were seeded at 1000 cells/cm? and
passaged as described above until senescence. Cells were
grown under standard atmospheric conditions at 37° C.
Growth Medium was changed twice per week. Cells were
passaged as they reached about 85% confluence. At each
passage, cells were trypsinized and counted by Trypan Blue
staining. The cell yield, population doubling (in (cell final/
cell initial)/In 2) and doubling time (time in culture (h)/popu-
lation doubling) were calculated for each passage. The total
cellyield per passage was determined by multiplying the total
yield for the previous passage by the expansion factor for each
passage (i.e. expansion factor=cell final/cell initial). Cells
were grown on gelatin and non-gelatin coated flasks.

Expansion of Clonal Neonatal Placenta-Derived Cells:

Cloning was used in order to expand a population of neo-
natal cells from placental tissue. Following isolation of three
differential cell populations from the placenta (as described
herein), these cell populations were expanded under standard
growth conditions and then karyotyped to reveal the identity
of the isolated cell populations. Because the cells were iso-
lated from a mother who delivered a boy, it was straightfor-
ward to distinguish between the male and female chromo-
somes by performing metaphase spreads. These experiments
demonstrated that fetal-aspect cells were karyotype positive
for neonatal phenotype, mid-layer cells were karyotype posi-
tive for both neonatal and maternal phenotypes and maternal-
aspect cells were karyotype positive for maternal cells.

Expansion of Cells in Low Oxygen Culture Conditions:

It has been demonstrated that low oxygen cell culture con-
ditions can improve cell expansion in certain circumstances
(US20040005704). To determine if cell expansion of PPDCs
could be improved by altering cell culture conditions, cul-
tures of umbilical-derived cells were grown in low oxygen
conditions. Cells were seeded at 5000 cells/cm® in Growth
Medium on gelatin coated flasks. Cells were initially cultured
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under standard atmospheric conditions through passage 5, at
which point they were transferred to low oxygen (5% O,)
culture conditions.

Other Growth Conditions:

In other protocols, cells were expanded on non-coated,
collagen-coated, fibronectin-coated, laminin-coated and
extracellular matrix protein-coated plates. Cultures have been
demonstrated to expand well on these different matrices.

Results

Comparison of Expansion Potential of PPDCs with Other
Stem Cell and Non-Stem Cell Populations:

Both umbilical-derived and placenta-derived cells
expanded for greater than 40 passages generating cell yields
of greater than 1E'7 cells in 60 days. In contrast, MSCs and
fibroblasts senesced after less than 25 days and less than 60
days, respectively. Although adipose-derived cells expanded
for almost 60 days they generated total cell yields of 4.5E'2.
Thus, when seeded at 5000 cells/cm” under the experimental
conditions utilized, postpartum-derived cells expanded much
better than the other cell types grown under the same condi-
tions (Table 2-1).

Expansion Potential of Cell Banks at Low Density:

Umbilicus-derived, placenta-derived and fibroblast cells
expanded for greater than 10 passages generating cell yields
of greater than 1E'* cells in 60 days (Table 2-2). After 60 days
under these conditions the fibroblasts became senescent
whereas the umbilicus-derived and placenta-derived cell
populations senesced after 80 days, completing greater than
50 and greater than 40 population doublings respectively.

Expansion of PPDCs at low density from initial cell seed-
ing. PPDCs were expanded at low density (1,000 cells/cm?)
on gelatin-coated and uncoated plates or flasks. Growth
potential of these cells under these conditions was good. The
cells expanded readily in a log phase growth. The rate of cell
expansion was similar to that observed when placenta-de-
rived cells were seeded at 5000 cells/cm?® on gelatin-coated
flasks in Growth Medium. No differences were observed in
cell expansion potential between culturing on either uncoated
flasks or gelatin-coated flasks. However, cells appeared phe-
notypically much smaller on gelatin-coated flasks and more
larger cell phenotypes were observed on uncoated flasks.

Expansion of Clonal Neonatal or Maternal Placenta-De-
rived Cells:

A clonal neonatal or maternal cell population can be
expanded from placenta-derived cells isolated from the neo-
natal aspect or the maternal aspect, respectively, of the pla-
centa. Cells are serially diluted and then seeded onto gelatin-
coated plates in Growth medium for expansion at 1 cell/well
in 96-well gelatin coated plates. From this initial cloning,
expansive clones are identified, trypsinized, and reseeded in
12-well gelatin-coated plates in Growth medium and then
subsequently passaged into T25 gelatin-coated flasks at 5,000
cells/cm? in Growth medium. Subcloning is performed to
ensure that a clonal population of cells has been identified.
For subcloning experiments, cells are trypsinized and
reseeded at 0.5 cells/well. The subclones that grow well are
expanded in gelatin-coated T25 flasks at 5,000 cells cm?/
flask. Cells are passaged at 5,000 cells cm*/T75 flask. The
growth characteristics of a clone may be plotted to demon-
strate cell expansion. Karyotyping analysis can confirm that
the clone is either neonatal or maternal.
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Expansion of Cells in Low Oxygen Culture Conditions:

Cells expanded well under the reduced oxygen conditions,
however, culturing under low oxygen conditions did not
appear to have a significant effect on cell expansion of PPDCs
under the conditions used.

Summary:

Cell expansion conditions comprising growing isolated
postpartum-derived cells at densities of about 5000 cells/cm?,
in Growth Medium on gelatin-coated or uncoated flasks,
under standard atmospheric oxygen, are sufficient to generate
large numbers of cells at passage 11. Furthermore, the data
suggests that the cells can be readily expanded using lower
density culture conditions (e.g. 1000 cells/cm?). Postpartum-
derived cell expansion in low oxygen conditions also facili-
tates cell expansion, although no incremental improvement in
cell expansion potential has yet been observed when utilizing
these conditions for growth. Presently, culturing postpartum-
derived cells under standard atmospheric conditions is pre-
ferred for generating large pools of cells. However, when the
culture conditions are altered, postpartum-derived cell expan-
sion can likewise be altered. This strategy may be used to
enhance the proliferative and differentiative capacity of these
cell populations.

Under the conditions utilized, while the expansion poten-
tial of MSC and adipose-derived cells is limited, postpartum-
derived cells expand readily to large numbers.

EXAMPLE 3

Evaluation of Growth Media for Placenta-Derived
Cells

Several cell culture media were evaluated for their ability
to support the growth of placenta-derived cells. The growth of
placenta-derived cells in normal (20%) and low (5%) oxygen
was assessed after 3 days using the MTS calorimetric assay.

Methods & Materials

Placenta-derived cells at passage 8 (P8) were seeded at
1x10? cells/well in 96 well plates in Growth Medium with
penicillin/streptomycin. After 8 hours the medium was
changed as described below and cells were incubated in nor-
mal (atmospheric) orlow (5%, v/v) oxygenat 37° C., 5% CO,
for 48 hours. MTS was added to the culture medium (CELL-
TITER 96 AQueous One Solution Cell Proliferation Assay,
Promega, Madison, Wis.) for 3 hours and the absorbance
measured at 490 nanometers (Molecular Devices, Sunnyvale
Calif.).

Results

Standard curves for the MTS assay established a linear
correlation between an increase in absorbance and an
increase in cell number. The absorbance values obtained were
converted into estimated cell numbers and the change (%)
relative to the initial seeding was calculated.

The Effect of Serum:

The addition of serum to media at normal oxygen condi-
tions resulted in a reproducible dose-dependent increase in
absorbance and thus the viable cell number. The addition of
serum to complete MSCGM resulted in a dose-dependent
decrease in absorbance. In the media without added serum,
cells only grew appreciably in CELLGRO-FREE, Ham’s F10
and DMEM.
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The Effect of Oxygen:

Reduced oxygen appeared to increase the growth rate of
cells in Growth Medium, Ham’s F10, and MSCGM. In
decreasing order of growth, the media resulting in the best
growth of the cells were Growth Medium, greater than
MSCGM, greater than Iscove’s+10% FBS, equal to DMEM-
H+10% FBS, equal to Ham’s F12+10% FBS, equal to RPMI
1640+10% FBS.

Summary:

Placenta-derived cells may be grown in a variety of culture
media in normal or low oxygen. Short-term growth of pla-
centa-derived cells was determined in twelve basal media
with 0, 2 and 10% (v/v) serum in 5% or atmospheric oxygen.
In general, placenta-derived cells did not grow as well in
serum-free conditions with the exception of Ham’s F10 and
CELLGRO-Free, which are also protein-free. Growth in
these serum-free media was about 25-33% of the maximal
growth observed with media containing 15% serum.

EXAMPLE 4

Growth of Postpartum-Derived Cells in Medium
Containing D-Valine

It has been reported that medium containing D-valine
instead of the normal L-valine isoform can be used to selec-
tively inhibit the growth of fibroblast-like cells in culture
(Hongpaisan, 2000; Sordillo et al., 1988). It was not previ-
ously known whether postpartum-derived cells could grow in
medium containing D-valine.

Methods & Materials

Placenta-derived cells (P3), fibroblasts (P9) and umbilical-
derived cells (P5) were seeded at 5x10° cells/cm? in gelatin-
coated T75 flasks (Corning, Corning, N.Y.). After 24 hours
the medium was removed and the cells were washed with
phosphate buffered saline (PBS) (Gibco, Carlsbad, Calif.) to
remove residual medium. The medium was replaced with a
Modified Growth Medium (DMEM with D-valine (special
order Gibco), 15% (v/v) dialyzed fetal bovine serum (Hy-
clone, Logan, Utah), 0.001% (v/v) betamercaptoethanol
(Sigma), penicillin/streptomycin (Gibco)).

Results

Placenta-derived, umbilical-derived, and fibroblast cells
seeded in the D-valine-containing medium did not prolifer-
ate, unlike cells seeded in Growth Medium containing dia-
lyzed serum. Fibroblasts cells changed morphologically,
increasing in size and changing shape. All ofthe cells died and
eventually detached from the flask surface after 4 weeks.
These results indicate that medium containing D-valine is not
suitable for selectively growing postpartum-derived cells.

EXAMPLE 5
Cryopreservation Media for Placenta-Derived Cells

Cryopreservation media for the cryopreservation of pla-
centa-derived cells were evaluated.

Methods & Materials

Placenta-derived cells grown in Growth Medium in a gela-
tin-coated T75 flask were washed with PBS and trypsinized
using 1 milliliter Trypsin/EDTA (Gibco). The trypsinization
was stopped by adding 10 milliliters Growth Medium. The
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cells were centrifuged at 150xg, supernatant removed, and
the cell pellet was resuspended in 1 milliliter Growth
Medium. An aliquot of cell suspension, 60 microliters, was
removed and added to 60 microliters trypan blue (Sigma).
The viable cell number was estimated using a hemocytom-
eter. The cell suspension was divided into four equal aliquots
each containing 88x10* cells each. The cell suspension was
centrifuged and resuspended in 1 milliliter of each media
below and transferred into Cryovials (Nalgene).

a. Growth Medium+10% (v/v) DMSO (Hybrimax, Sigma,

St. Louis, Mo.)

b. Cell Freezing medium w/DMSO, w/methyl cellulose,

serum-free (C6295, Sigma, St. Louis, Mo.)

c. Cell Freezing medium serum-free (C2639, Sigma, St.

Louis, Mo.)
d. Cell Freezing Medium w/glycerol (C6039, Sigma, St.
Louis, Mo.)

The cells were cooled at approximately-1° C./min over-
night in a -80° C. freezer using a “Mr Frosty” freezing con-
tainer according to the manufacturer’s instructions (Nalgene,
Rochester, N.Y.). Vials of cells were transferred into liquid
nitrogen for 2 days before thawing rapidly in a 37° C. water
bath. The cells were added to 10 milliliters Growth Medium
and centrifuged before the cell number and viability was
estimated. Cells were seeded onto gelatin-coated flasks at
5,000 cells/cm? to determine whether the cells would attach
and proliferate.

Results

The initial viability of the cells to be cryopreserved was
assessed by trypan blue staining to be 100%. The initial
viability of the cells to be cryopreserved was assessed by
trypan blue staining to be 100%.

There was a commensurate reduction in cell number with
viability for C6295 due to cells lysis. The viable cells cryo-
preserved in all four solutions attached, divided, and pro-
duced a confluent monolayer within 3 days. There was no
discernable difference in estimated growth rate.

Summary:

The cryopreservation of cells is one procedure available for
preparation of a cell bank or a cell product. Four cryopreser-
vation mixtures were compared for their ability to protect
human placenta-derived cells from freezing damage. Dulbec-
co’s modified Eagle’s medium (DMEM) and 10% (v/v) dim-
ethylsulfoxide (DMSO) is the preferred medium of those
compared for cryopreservation of placenta-derived cells.

EXAMPLE 6
Karyotype Analysis of Postpartum-Derived Cells

Cell lines used in cell therapy are preferably homogeneous
and free from any contaminating cell type. Cells used in cell
therapy should have a normal chromosome number (46) and
structure. To identify placenta- and umbilicus-derived cell
lines that are homogeneous and free from cells of non-post-
partum tissue origin, karyotypes of cell samples were ana-
lyzed.

Methods & Materials

PPDCs from postpartum tissue of a male neonate were
cultured in Growth Medium containing penicillin/streptomy-
cin. Postpartum tissue from a male neonate (X,Y) was
selected to allow distinction between neonatal-derived cells
and maternal derived cells (X,X). Cells were seeded at 5,000
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cells per square centimeter in Growth Medium in a T25 flask
(Corning, Corning, N.Y.) and expanded to 80% confluence. A
T25 flask containing cells was filled to the neck with Growth
Medium. Samples were delivered to a clinical cytogenetics
laboratory by courier (estimated lab to lab transport time is
one hour). Cells were analyzed during metaphase when the
chromosomes are best visualized. Of twenty cells in
metaphase counted, five were analyzed for normal homoge-
neous karyotype number (two). A cell sample was character-
ized as homogeneous if two karyotypes were observed. A cell
sample was characterized as heterogeneous if more than two
karyotypes were observed. Additional metaphase cells were
counted and analyzed when a heterogeneous karyotype num-
ber (four) was identified.

Results

All cell samples sent for chromosome analysis were inter-
preted as exhibiting a normal appearance. Three of the sixteen
cell lines analyzed exhibited a heterogeneous phenotype (XX
and XY) indicating the presence of cells derived from both
neonatal and maternal origins (Table 6-1). Cells derived from
tissue Placenta-N were isolated from the neonatal aspect of
placenta. At passage zero, this cell line appeared homoge-
neous XY. However, at passage nine, the cell line was hetero-
geneous (XX/XY), indicating a previously undetected pres-
ence of cells of maternal origin.

Summary:

Chromosome analysis identified placenta- and umbilicus-
derived cells whose karyotypes appeared normal as inter-
preted by a clinical cytogenetic laboratory. Karyotype analy-
sis also identified cell lines free from maternal cells, as
determined by homogeneous karyotype.

EXAMPLE 7

Evaluation of Human Postpartum-Derived Cell
Surface Markers by Flow Cytometry

Characterization of cell surface proteins or “markers” by
flow cytometry can be used to determine a cell line’s identity.
The consistency of expression can be determined from mul-
tiple donors, and in cells exposed to different processing and
culturing conditions. Postpartum-derived cell (PPDC) lines
isolated from the placenta and umbilicus were characterized
(by flow cytometry), providing a profile for the identification
of these cell lines.

Methods & Materials

Media and Culture Vessels:

Cells were cultured in Growth Medium (Gibco Carlsbad,
Calif.) with penicillin/streptomycin. Cells were cultured in
plasma-treated T75, T150, and T225 tissue culture flasks
(Corning, Corning, N.Y.) until confluent. The growth surfaces
of'the flasks were coated with gelatin by incubating 2% (w/v)
gelatin (Sigma, St. Louis, Mo.) for 20 minutes at room tem-
perature.

Antibody Staining and Flow Cytometry Analysis:

Adherent cells in flasks were washed in PBS and detached
with Trypsin/EDTA. Cells were harvested, centrifuged, and
resuspended in 3% (v/v) FBS in PBS at a cell concentration of
1x107 per milliliter. In accordance to the manufacture’s speci-
fications, antibody to the cell surface marker of interest (see
below) was added to one hundred microliters of cell suspen-
sion and the mixture was incubated in the dark for 30 minutes
at 4° C. After incubation, cells were washed with PBS and
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centrifuged to remove unbound antibody. Cells were resus-
pended in 500 microliter PBS and analyzed by flow cytom-
etry. Flow cytometry analysis was performed with a FACS-
calibur instrument (Becton Dickinson, San Jose, Calif.).
Table 7 lists the antibodies to cell surface markers that were
used.

Placenta and Umbilicus Comparison:

Placenta-derived cells were compared to umbilicus-derive
cells at passage 8.

Passage to Passage Comparison:

Placenta- and umbilicus-derived cells were analyzed at
passages 8, 15, and 20.

Donor to Donor Comparison:

To compare differences among donors, placenta-derived
cells from different donors were compared to each other, and
umbilicus-derived cells from different donors were compared
to each other.

Surface Coating Comparison:

Placenta-derived cells cultured on gelatin-coated flasks
was compared to placenta-derived cells cultured on uncoated
flasks. Umbilicus-derived cells cultured on gelatin-coated
flasks was compared to umbilicus-derived cells cultured on
uncoated flasks.

Digestion Enzyme Comparison:

Four treatments used for isolation and preparation of cells
were compared. Cells isolated from placenta by treatment
with 1) collagenase; 2) collagenase/dispase; 3) collagenase/
hyaluronidase; and 4) collagenase/hyaluronidase/dispase
were compared.

Placental Layer Comparison:

Cells derived from the maternal aspect of placental tissue
were compared to cells derived from the villous region of
placental tissue and cells derived from the neonatal fetal
aspect of placenta.

Results

Placenta Vs. Umbilicus Comparison:

Placenta- and umbilicus-derived cells analyzed by flow
cytometry showed positive expression of CD10, CDI13,
CD44, CD73, CD 90, PDGFr-alpha and HLA-A, B, C, indi-
cated by the increased values of fluorescence relative to the
IgG control. These cells were negative for detectable expres-
sion of CD31, CD34, CD45, CD117, CD141, and HLA-DR,
DP, DQ, indicated by fluorescence values comparable to the
IgG control. Variations in fluorescence values of positive
curves were accounted for. The mean (i.e. CD13) and range
(i.e. CD90) of the positive curves showed some variation, but
the curves appeared normal, confirming a homogenous popu-
lation. Both curves individually exhibited values greater than
the IgG control.

Passage to Passage Comparison—Placenta-Derived Cells:

Placenta-derived cells at passages 8, 15, and 20 analyzed
by flow cytometry all were positive for expression of CD10,
CD13,CD44,CD73,CD 90, PDGFr-alpha and HLA-A, B, C,
as reflected in the increased value of fluorescence relative to
the IgG control. The cells were negative for expression of
CD31,CD34,CD45,CD117,CD141, and HLA-DR, DP, DQ
having fluorescence values consistent with the IgG control.

Passage to Passage
Comparison—Umbilicus-Derived Cells

Umbilicus-derived cells at passage 8, 15, and 20 analyzed
by flow cytometry all expressed CD10, CD13, CD44, CD73,
CD 90, PDGFr-alpha and HLA-A, B, C, indicated by
increased fluorescence relative to the IgG control. These cells
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were negative for CD31, CD34, CD45, CD117, CD141, and
HLA-DR, DP, DQ, indicated by fluorescence values consis-
tent with the IgG control.

Donor to Donor Comparison—Placenta-Derived Cells:

Placenta-derived cells isolated from separate donors ana-
lyzed by flow cytometry each expressed CD10, CD13, CD44,
CD73, CD 90, PDGFr-alpha and HLA-A, B, C, with
increased values of fluorescence relative to the IgG control.
The cells were negative for expression of CD31, CD34,
CD45, CD117, CD141, and HLA-DR, DP, DQ as indicated
by fluorescence value consistent with the IgG control.

Donor to Donor Comparison—Umbilicus Derived Cells:

Umbilicus-derived cells isolated from separate donors ana-
lyzed by flow cytometry each showed positive expression of
CD10, CD13, CD44, CD73, CD 90, PDGFr-alpha and HLA-
A, B, C, reflected in the increased values of fluorescence
relative to the IgG control. These cells were negative for
expression of CD31, CD34, CD45, CD117, CD141, and
HLA-DR, DP, DQ with fluorescence values consistent with
the IgG control.

The Effect of Surface Coating with Gelatin on Placenta-
Derived Cells:

Placenta-derived cells expanded on either gelatin-coated or
uncoated flasks analyzed by flow cytometry all expressed of
CD10, CD13, CD44, CD73, CD 90, PDGFr-alpha and HLA-
A, B, C, reflected in the increased values of fluorescence
relative to the IgG control. These cells were negative for
expression of CD31, CD34, CD45, CD117, CD141, and
HLA-DR, DP, DQ indicated by fluorescence values consis-
tent with the IgG control.

The Effect of Surface Coating with Gelatin on Umbilicus-
Derived Cells:

Umbilicus-derived cells expanded on gelatin and uncoated
flasks analyzed by flow cytometry all were positive for
expression of CD10, CD13, CD44, CD73, CD90, PDGFr-
alpha and HLA-A, B, C, with increased values of fluores-
cence relative to the IgG control. These cells were negative
for expression of CD31, CD34, CD45, CD117, CD141, and
HLA-DR, DP, DQ, with fluorescence values consistent with
the IgG control.

Effect of Enzyme Digestion Procedure Used for Prepara-
tion of the Cells on the Cell Surface Marker Profile:

Placenta-derived cells isolated using various digestion
enzymes analyzed by flow cytometry all expressed CD10,
CD13,CD44,CD73,CD 90, PDGFr-alpha and HLA-A, B, C,
asindicated by the increased values of fluorescence relative to
the IgG control. These cells were negative for expression of
CD31, CD34,CD45,CD117,CD141, and HLA-DR, DP, DQ
as indicated by fluorescence values consistent with the IgG
control.

Placental Layer Comparison:

Cells isolated from the maternal, villous, and neonatal
layers of the placenta, respectively, analyzed by flow cytom-
etry showed positive expression of CD10, CD13, CD44,
CD73, CD 90, PDGFr-alpha and HLA-A, B, C, as indicated
by the increased value of fluorescence relative to the IgG
control. These cells were negative for expression of CD31,
CD34, CD45, CD117, CD141, and HLA-DR, DP, DQ as
indicated by fluorescence values consistent with the IgG con-
trol.

Summary:

Analysis of placenta- and umbilicus-derived cells by flow
cytometry has established of an identity of these cell lines.
Placenta- and umbilicus-derived cells are positive for CD10,
CD13, CD44, CD73, CD90, PDGFr-alpha, HLA-A,B,C and
negative for CD31, CD34, CD45, CD117, CD141 and HLA-
DR, DP, DQ. This identity was consistent between variations
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in variables including the donor, passage, culture vessel sur-
face coating, digestion enzymes, and placental layer. Some
variation in individual fluorescence value histogram curve
means and ranges was observed, but all positive curves under
all conditions tested were normal and expressed fluorescence
values greater than the IgG control, thus confirming that the
cells comprise a homogenous population that has positive
expression of the markers.

EXAMPLE 8

Immunohistochemical Characterization of
Postpartum Tissue Phenotypes

The phenotypes of cells found within human postpartum
tissues, namely umbilical cord and placenta, was analyzed by
immunohistochemistry.

Methods & Materials

Tissue Preparation:

Human umbilical cord and placenta tissue was harvested
and immersion fixed in 4% (w/v) paraformaldehyde over-
night at 4° C. Immunohistochemistry was performed using
antibodies directed against the following epitopes: vimentin
(1:500; Sigma, St. Louis, Mo.), desmin (1:150, raised against
rabbit; Sigma; or 1:300, raised against mouse; Chemicon,
Temecula, Calif.), alpha-smooth muscle actin (SMA; 1:400;
Sigma), cytokeratin 18 (CK18; 1:400; Sigma), von Will-
ebrand Factor (vWF; 1:200; Sigma), and CD34 (human
CD34 Class III; 1:100; DAKOCytomation, Carpinteria,
Calif.). In addition, the following markers were tested: anti-
human GROalpha—PE (1:100; Becton Dickinson, Franklin
Lakes, N.J.), anti-human GCP-2 (1:100; Santa Cruz Biotech,
Santa Cruz, Calif.), anti-human oxidized LDL receptor 1
(ox-LDL R1; 1:100; Santa Cruz Biotech), and anti-human
NOGO-A (1:100; Santa Cruz Biotech). Fixed specimens
were trimmed with a scalpel and placed within OCT embed-
ding compound (Tissue-Tek OCT; Sakura, Torrance, Calif.)
on a dry ice bath containing ethanol. Frozen blocks were then
sectioned (10 um thick) using a standard cryostat (Leica
Microsystems) and mounted onto glass slides for staining.

Immunohistochemistry:

Immunohistochemistry was performed similar to previous
studies (e.g., Messina, et al., 2003, Exper. Neurol. 184: 816-
829). Tissue sections were washed with phosphate-buffered
saline (PBS) and exposed to a protein blocking solution con-
taining PBS, 4% (v/v) goat serum (Chemicon, Temecula,
Calif.), and 0.3% (v/v) Triton (Triton X-100; Sigma) for 1
hour to access intracellular antigens. In instances where the
epitope of interest would be located on the cell surface
(CD34, ox-LDL R1), Triton was omitted in all steps of the
procedure in order to prevent epitope loss. Furthermore, in
instances where the primary antibody was raised against goat
(GCP-2, ox-LDL R1,NOGO-A), 3% (v/v) donkey serum was
used in place of goat serum throughout the procedure. Pri-
mary antibodies, diluted in blocking solution, were then
applied to the sections for a period of 4 hours at room tem-
perature. Primary antibody solutions were removed, and cul-
tures washed with PBS prior to application of secondary
antibody solutions (1 hour at room temperature) containing
block along with goat anti-mouse IgG—Texas Red (1:250;
Molecular Probes, Eugene, Oreg.) and/or goat anti-rabbit
IgG—Alexa 488 (1:250; Molecular Probes) or donkey anti-
goat [gG—FITC (1:150; Santa Cruz Biotech). Cultures were
washed, and 10 micromolar DAPI (Molecular Probes) was
applied for 10 minutes to visualize cell nuclei.
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Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). Positive staining was represented by fluorescence sig-
nal above control staining. Representative images were cap-
tured using a digital color video camera and ImagePro soft-
ware (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one
emission filter at a time. Layered montages were then pre-
pared using Adobe Photoshop software (Adobe, San Jose,
Calif.).

Results

Umbilical Cord Characterization:

Vimentin, desmin, SMA, CK18, vWF, and CD34 markers
were expressed in a subset of the cells found within umbilical
cord. In particular, vWF and CD34 expression were restricted
to blood vessels contained within the cord. CD34+ cells were
onthe innermost layer (lumen side). Vimentin expression was
found throughout the matrix and blood vessels of the cord.
SMA was limited to the matrix and outer walls of the artery &
vein, but not contained with the vessels themselves. CK18
and desmin were observed within the vessels only, desmin
being restricted to the middle and outer layers.

Placenta Characterization:

Vimentin, desmin, SMA, CK18, vWF, and CD34 were all
observed within the placenta and regionally specific.

GROalpha, GCP-2, ox-LDL R1, and NOGO-A Tissue
Expression:

None of these markers were observed within umbilical
cord or placental tissue.

Summary:

Vimentin, desmin, alpha-smooth muscle actin, cytokeratin
18, von Willebrand Factor, and CD34 are expressed in cells
within human umbilical cord and placenta.

EXAMPLE 9

Analysis of Postpartum Tissue-Derived Cells Using
Oligonucleotide Arrays

Aftymetrix GENECHIP arrays were used to compare gene
expression profiles of umbilicus- and placenta-derived cells
with fibroblasts, human mesenchymal stem cells, and another
cell line derived from human bone marrow. This analysis
provided a characterization of the postpartum-derived cells
and identified unique molecular markers for these cells.

Methods & Materials

Isolation and Culture of Cells:

Human umbilical cords and placenta were obtained from
National Disease Research Interchange (NDRI, Philadelphia,
Pa.) from normal full term deliveries with patient consent.
Thetissues were received and cells were isolated as described
in Example 1. Cells were cultured in Growth Medium (using
DMEM-LG) on gelatin-coated tissue culture plastic flasks.
The cultures were incubated at 37° C. with 5% CO,.

Human dermal fibroblasts were purchased from Cambrex
Incorporated (Walkersville, Md.; Lot number 9F0844) and
ATCC CRL-1501 (CCD39SK). Both lines were cultured in
DMEM/F12 medium (Invitrogen, Carlsbad, Calif.) with 10%
(v/v) fetal bovine serum (Hyclone) and penicillin/streptomy-
cin (Invitrogen). The cells were grown on standard tissue-
treated plastic.
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Human mesenchymal stem cells (hMSC) were purchased
from Cambrex Incorporated (Walkersville, Md.; Lot numbers
2F1655, 2F1656 and 2F1657) and cultured according to the
manufacturer’s specifications in MSCGM Media (Cambrex).
The cells were grown on standard tissue cultured plastic at
37° C. with 5% CO..

Human ileac crest bone marrow was received from the
NDRI with patient consent. The marrow was processed
according to the method outlined by Ho, et al. (WO03/
025149). The marrow was mixed with lysis buffer (155 mM
NH 4Cl, 10 mM KHCO;, and 0.1 mM EDTA, pH 7.2) at a
ratio of 1 part bone marrow to 20 parts lysis buffer. The cell
suspension was vortexed, incubated for 2 minutes at ambient
temperature, and centrifuged for 10 minutes at 500xg. The
supernatant was discarded and the cell pellet was resuspended
in Minimal Essential Medium-alpha (Invitrogen) supple-
mented with 10% (v/v) fetal bovine serum and 4 mM
glutamine. The cells were centrifuged again and the cell pellet
was resuspended in fresh medium. The viable mononuclear
cells were counted using trypan-blue exclusion (Sigma, St.
Louis, Mo.). The mononuclear cells were seeded in tissue-
cultured plastic flasks at 5x10* cells/cm®. The cells were
incubated at 37° C. with 5% CO, at either standard atmo-
spheric O, or at 5% O,. Cells were cultured for 5 days without
amedia change. Media and non-adherent cells were removed
after 5 days of culture. The adherent cells were maintained in
culture.

Isolation of mRNA and GENECHIP Analysis:

Actively growing cultures of cells were removed from the
flasks with a cell scraper in cold PBS. The cells were centri-
fuged for 5 minutes at 300xg. The supernatant was removed
and the cells were resuspended in fresh PBS and centrifuged
again. The supernatant was removed and the cell pellet was
immediately frozen and stored at —80° C. Cellular mRNA was
extracted and transcribed into cDNA, which was then tran-
scribed into cRNA and biotin-labeled. The biotin-labeled
cRNA was hybridized with HG-U133A GENECHIP oligo-
nucleotide array (Aftymetrix, Santa Clara Calif.). The
hybridization and data collection was performed according to
the manufacturer’s specifications. Analyses were performed
using “Significance Analysis of Microarrays” (SAM) version
1.21 computer software (Stanford University, www-stat.stan-
ford. edu/tibs/SAM; Tusher, V. G. et al., 2001, Proc. Natl.
Acad. Sci. USA 98: 5116-5121).

Results

Fourteen different populations of cells were analyzed. The
cells along with passage information, culture substrate, and
culture media are listed in Table 9-1.

The data were evaluated by a Principle Component Analy-
sis, analyzing the 290 genes that were differentially expressed
in the cells. This analysis allows for a relative comparison for
the similarities between the populations. Table 9-2 shows the
Euclidean distances that were calculated for the comparison
of the cell pairs. The Euclidean distances were based on the
comparison of the cells based on the 290 genes that were
differentially expressed among the cell types. The Euclidean
distance is inversely proportional to similarity between the
expression of the 290 genes (i.c., the greater the distance, the
less similarity exists).

Tables 9-3, 9-4, and 9-5 show the expression of genes
increased in placenta-derived cells (Table 9-3), increased in
umbilicus-derived cells (Table 9-4), and reduced in umbili-
cus- and placenta-derived cells (Table 9-5). The column
entitled “Probe Set ID” refers to the manufacturer’s identifi-
cation code for the sets of several oligonucleotide probes
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located on a particular site on the chip, which hybridize to the
named gene (column “Gene Name”), comprising a sequence
that can be found within the NCBI (GenBank) database at the
specified accession number (column “NCBI Accession Num-
ber”).

Tables 9-6, 9-7, and 9-8 show the expression of genes
increased in human fibroblasts (Table 9-6), ICBM cells
(Table 9-7), and MSCs (Table 9-8).

Summary:

The present examination was performed to provide a
molecular characterization of the postpartum cells derived
from umbilical cord and placenta. This analysis included cells
derived from three different umbilical cords and three differ-
ent placentas. The examination also included two different
lines of dermal fibroblasts, three lines of mesenchymal stem
cells, and three lines of ileac crest bone marrow cells. The
mRNA that was expressed by these cells was analyzed using
an oligonucleotide array that contained probes for 22,000
genes. Results showed that 290 genes are differentially
expressed in these five different cell types. These genes
include ten genes that are specifically increased in the pla-
centa-derived cells and seven genes specifically increased in
the umbilical cord-derived cells. Fifty-four genes were found
to have specifically lower expression levels in placenta and
umbilical cord, as compared with the other cell types. The
expression of selected genes has been confirmed by PCR (see
the example that follows). These results demonstrate that the
postpartum-derived cells have a distinct gene expression pro-
file, for example, as compared to bone marrow-derived cells
and fibroblasts.

EXAMPLE 10
Cell Markers in Postpartum-Derived Cells

In the preceding example, similarities and differences in
cells derived from the human placenta and the human umbili-
cal cord were assessed by comparing their gene expression
profiles with those of cells derived from other sources (using
an oligonucleotide array). Six “signature” genes were identi-
fied: oxidized LDL receptor 1, interleukin-8, rennin, reticu-
lon, chemokine receptor ligand 3 (CXC ligand 3), and granu-
locyte chemotactic protein 2 (GCP-2). These “signature”
genes were expressed at relatively high levels in postpartum-
derived cells.

The procedures described in this example were conducted
to verify the microarray data and find concordance/discor-
dance between gene and protein expression, as well as to
establish a series of reliable assay for detection of unique
identifiers for placenta- and umbilicus-derived cells.

Methods & Materials

Cells:

Placenta-derived cells (three isolates, including one isolate
predominately neonatal as identified by karyotyping analy-
sis), umbilicus-derived cells (four isolates), and Normal
Human Dermal Fibroblasts (NHDF; neonatal and adult)
grown in Growth Medium with penicillin/streptomycin in a
gelatin-coated T75 flask. Mesechymal Stem Cells (MSCS)
were grown in Mesenchymal Stem Cell Growth Medium
Bullet kit MSCGM; Cambrex, Walkerville, Md.).

For the IL-8 protocol, cells were thawed from liquid nitro-
gen and plated in gelatin-coated flasks at 5,000 cells/cm?,
grown for 48 hours in Growth Medium and then grown for
further 8 hours in 10 milliliters of serum starvation medium
[DMEM—Ilow glucose (Gibco, Carlsbad, Calit.), penicillin/
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streptomycin (Gibco, Carlsbad, Calif.) and 0.1% (w/v)
Bovine Serum Albumin (BSA; Sigma, St. Louis, Mo.)]. After
this treatment RNA was extracted and the supernatants were
centrifuged at 150xg for 5 minutes to remove cellular debris.
Supernatants were then frozen at -80° C. for ELISA analysis.

Cell Culture for ELISA Assay:

Postpartum cells derived from placenta and umbilicus, as
well as human fibroblasts derived from human neonatal fore-
skin were cultured in Growth Medium in gelatin-coated T75
flasks. Cells were frozen at passage 11 in liquid nitrogen.
Cells were thawed and transferred to 15-milliliter centrifuge
tubes. After centrifugation at 150xg for 5 minutes, the super-
natant was discarded. Cells were resuspended in 4 milliliters
culture medium and counted. Cells were grown in a 75 cm?
flask containing 15 milliliters of Growth Medium at 375,000
cells/flask for 24 hours. The medium was changed to a serum
starvation medium for 8 hours. Serum starvation medium was
collected at the end of incubation, centrifuged at 14,000xg for
5 minutes (and stored at —=20° C.).

To estimate the number of cells in each flask, 2 milliliters of
tyrpsin/EDTA (Gibco, Carlsbad, Calif.) was added each flask.
After cells detached from the flask, trypsin activity was neu-
tralized with 8 milliliters of Growth Medium. Cells were
transferred to a 15 milliliters centrifuge tube and centrifuged
at 150xg for 5 minutes. Supernatant was removed and 1
milliliter Growth Medium was added to each tube to resus-
pend the cells. Cell number was estimated using a hemocy-
tometer.

ELISA Assay:

The amount of IL.-8 secreted by the cells into serum star-
vation medium was analyzed using ELISA assays (R&D
Systems, Minneapolis, Minn.). All assays were tested accord-
ing to the instructions provided by the manufacturer.

Total RNA Isolation:

RNA was extracted from confluent postpartum-derived
cells and fibroblasts or for I[.-8 expression from cells treated
as described above. Cells were lysed with 350 microliters
buffer RLT containing beta-mercaptoethanol (Sigma, St.
Louis, Mo.) according to the manufacturer’s instructions
(RNeasy Mini Kit; Qiagen, Valencia, Calif.). RNA was
extracted according to the manufacturer’s instructions (RNe-
asy Mini Kit; Qiagen, Valencia, Calif.) and subjected to
DNase treatment (2.7 U/sample) (Sigma St. Louis, Mo.).
RNA was eluted with 50 microliters DEPC-treated water and
stored at —80° C.

Reverse Transcription:

RNA was also extracted from human placenta and umbili-
cus. Tissue (30 milligram) was suspended in 700 microliters
of buffer RLT containing 2-mercaptoethanol. Samples were
mechanically homogenized and the RNA extraction pro-
ceeded according to manufacturer’s specification. RNA was
extracted with 50 microliters of DEPC-treated water and
stored at —80° C. RNA was reversed transcribed using ran-
dom hexamers with the TagMan reverse transcription
reagents (Applied Biosystems, Foster City, Calif.) at 25° C.
for 10 minutes, 37° C. for 60 minutes, and 95° C. for 10
minutes. Samples were stored at —20° C.

Genes identified by cDNA microarray as uniquely regu-
lated in postpartum cells (signature genes—including oxi-
dized LDL receptor, interleukin-8, rennin and reticulon),
were further investigated using real-time and conventional
PCR.

Real-Time PCR:

PCR was performed on cDNA samples using Assays-on-
Demand® gene expression products: oxidized L.DL receptor
(Hs00234028); rennin (Hs00166915); reticulon
(Hs00382515); CXC ligand 3 (Hs00171061); GCP-2
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(Hs00605742); 1L-8 (Hs00174103); and GAPDH (Applied
Biosystems, Foster City, Calif.) were mixed with cDNA and
TagMan Universal PCR master mix according to the manu-
facturer’s instructions (Applied Biosystems, Foster City,
Calif.) using a 7000 sequence detection system with ABI
Prism 7000 SDS software (Applied Biosystems, Foster City,
Calif.). Thermal cycle conditions were initially 50° C. for 2
min and 95° C. for 10 min, followed by 40 cycles 0 95° C. for
15 sec and 60° C. for 1 min. PCR data was analyzed according
to manufacturer’s specifications (User Bulletin #2 from
Applied Biosystems for ABI Prism 7700 Sequence Detection
System).

Conventional PCR:

Conventional PCR was performed using an ABI PRISM
7700 (Perkin Elmer Applied Biosystems, Boston, Mass.,
USA) to confirm the results from real-time PCR. PCR was
performed using 2 microliters of cDNA solution, 1xAmpli-
Taq Gold universal mix PCR reaction buffer (Applied Bio-
systems, Foster City, Calif.) and initial denaturation at 94° C.
for 5 minutes. Amplification was optimized for each primer
set. For 1L-8, CXC ligand 3, and reticulon (94° C. for 15
seconds, 55° C. for 15 seconds and 72° C. for 30 seconds for
30 cycles); for rennin (94° C. for 15 seconds, 53° C. for 15
seconds and 72° C. for 30 seconds for 38 cycles); for oxidized
LDL receptor and GAPDH (94° C. for 15 seconds, 55° C. for
15 seconds and 72° C. for 30 seconds for 33 cycles). Primers
used for amplification are listed in Table 10. Primer concen-
tration in the final PCR reaction was 1 micromolar except for
GAPDH, which was 0.5 micromolar. GAPDH primers were
the same as real-time PCR, except that the manufacturer’s
TagMan probe was not added to the final PCR reaction.
Samples were run on 2% (w/v) agarose gel and stained with
ethidium bromide (Sigma, St. Louis, Mo.). Images were cap-
tured using a 667 Universal Twinpack film (VWR Interna-
tional, South Plainfield, N.J.) using a focal length Polaroid
camera (VWR International, South Plainfield, N.J.).

Immunofluorescence:

PPDCs were fixed with cold 4% (w/v) paraformaldehyde
(Sigma-Aldrich, St. Louis, Mo.) for 10 minutes at room tem-
perature. One isolate each of umbilicus- and placenta-derived
cells at passage 0 (PO) (directly after isolation) and passage 11
(P11) (two isolates of placenta-derived, two isolates of umbi-
licus-derived cells) and fibroblasts (P11) were used Immuno-
cytochemistry was performed using antibodies directed
against the following epitopes: vimentin (1:500, Sigma, St.
Louis, Mo.), desmin (1:150; Sigma——raised against rabbit; or
1:300; Chemicon, Temecula, Calif.—raised against mouse,),
alpha-smooth muscle actin (SMA; 1:400; Sigma), cytokera-
tin 18 (CK18; 1:400; Sigma), von Willebrand Factor (vWF;
1:200; Sigma), and CD34 (human CD34 Class III; 1:100;
DAKOCytomation, Carpinteria, Calif.). In addition, the fol-
lowing markers were tested on passage 11 postpartum cells:
anti-human GRO alpha—PE (1:100; Becton Dickinson,
Franklin Lakes, N.J.), anti-human GCP-2 (1:100; Santa Cruz
Biotech, Santa Cruz, Calif.), anti-human oxidized LDL
receptor 1 (ox-LDL R1; 1:100; Santa Cruz Biotech), and
anti-human NOGA-A (1:100; Santa Cruz, Biotech).

Cultures were washed with phosphate-buffered saline
(PBS) and exposed to a protein blocking solution containing
PBS, 4% (v/v) goat serum (Chemicon, Temecula, Calif.), and
0.3% (v/v) Triton (Triton X-100; Sigma, St. Louis, Mo.) for
30 minutes to access intracellular antigens. Where the epitope
of interest was located on the cell surface (CD34, ox-LDL
R1), Triton X-100 was omitted in all steps of the procedure in
order to prevent epitope loss. Furthermore, in instances where
the primary antibody was raised against goat (GCP-2, ox-
LDL R1, NOGO-A), 3% (v/v) donkey serum was used in
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place of goat serum throughout. Primary antibodies, diluted
in blocking solution, were then applied to the cultures for a
period of 1 hour at room temperature. The primary antibody
solutions were removed and the cultures were washed with
PBS prior to application of secondary antibody solutions (1
hour at room temperature) containing block along with goat
anti-mouse IgG—Texas Red (1:250; Molecular Probes,
Eugene, Oreg.) and/or goat anti-rabbit IgG—Alexa 488
(1:250; Molecular Probes) or donkey anti-goat IlgG—FITC
(1:150, Santa Cruz Biotech). Cultures were then washed and
10 micromolar DAPI (Molecular Probes) applied for 10 min-
utes to visualize cell nuclei.

Following immunostaining, fluorescence was visualized
using an appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

Preparation of Cells for FACS Analysis:

Adherent cells in flasks were washed in phosphate buffered
saline (PBS) (Gibco, Carlsbad, Calif.) and detached with
Trypsin/EDTA (Gibco, Carlsbad, Calif.). Cells were har-
vested, centrifuged, and re-suspended 3% (v/v) FBS in PBS at
a cell concentration of 1x10 7 per milliliter. One hundred
microliter aliquots were delivered to conical tubes. Cells
stained for intracellular antigens were permeabilized with
Perm/Wash buffer (BD Pharmingen, San Diego, Calif.). Anti-
body was added to aliquots as per manufactures specifica-
tions and the cells were incubated for in the dark for 30
minutes at 4° C. After incubation, cells were washed with
PBS and centrifuged to remove excess antibody. Cells requir-
ing a secondary antibody were resuspended in 100 microliters
ot 3% FBS. Secondary antibody was added as per manufac-
tures specification and the cells were incubated in the dark for
30 minutes at 4° C. After incubation, cells were washed with
PBS and centrifuged to remove excess secondary antibody.
Washed cells were resuspended in 0.5 milliliters PBS and
analyzed by flow cytometry. The following antibodies were
used: oxidized LDL receptor 1 (sc-5813; Santa Cruz, Bio-
tech), GROa (555042; BD Pharmingen, Bedford, Mass.),
Mouse IgG1 kappa, (P-4685 and M-5284; Sigma), Donkey
against Goat IgG (sc-3743; Santa Cruz, Biotech.). Flow
cytometry analysis was performed with FACScalibur (Becton
Dickinson San Jose, Calif.).

Results

Results of real-time PCR for selected “signature” genes
performed on cDNA from cells derived from human placen-
tae, adult and neonatal fibroblasts and Mesenchymal Stem
Cells (MSCs) indicate that both oxidized LDL receptor and
rennin were expressed at higher level in the placenta-derived
cells as compared to other cells. The data obtained from
real-time PCR were analyzed by the AACT method and
expressed on a logarithmic scale. Levels of reticulon and
oxidized LDL receptor expression were higher in umbilicus-
derived cells as compared to other cells. No significant dif-
ference in the expression levels of CXC ligand 3 and GCP-2
were found between postpartum-derived cells and controls.
The results of real-time PCR were confirmed by conventional
PCR. Sequencing of PCR products further validated these
observations. No significant difference in the expression level
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of CXC ligand 3 was found between postpartum-derived cells
and controls using conventional PCR CXC ligand 3 primers
listed above.

The production of the cytokine, IL-8 in postpartum was
elevated in both Growth Medium-cultured and serum-starved
postpartum-derived cells. All real-time PCR data was vali-
dated with conventional PCR and by sequencing PCR prod-
ucts.

When supernatants of cells grown in serum-free medium
were examined for the presence of IL.-8, the highest amounts
were detected in media derived from umbilical cells and some
isolates of placenta cells (Table 10-1). No IL-8 was detected
in medium derived from human dermal fibroblasts.

Placenta-derived cells were also examined for the produc-
tion of oxidized LDL receptor, GCP-2 and GROalpha by
FACS analysis. Cells tested positive for GCP-2. Oxidized
LDL receptor and GRO were not detected by this method.

Placenta-derived cells were also tested for the production
of'selected proteins by immunocytochemical analysis Imme-
diately after isolation (passage 0), cells derived from the
human placenta were fixed with 4% paraformaldehyde and
exposed to antibodies for six proteins: von Willebrand Factor,
CD34, cytokeratin 18, desmin, alpha-smooth muscle actin,
and vimentin. Cells stained positive for both alpha-smooth
muscle actin and vimentin. This pattern was preserved
through passage 11. Only a few cells (<5%) at passage O
stained positive for cytokeratin 18.

Cells derived from the human umbilical cord at passage O
were probed for the production of selected proteins by immu-
nocytochemical analysis. Immediately after isolation (pas-
sage 0), cells were fixed with 4% paraformaldehyde and
exposed to antibodies for six proteins: von Willebrand Factor,
CD34, cytokeratin 18, desmin, alpha-smooth muscle actin,
and vimentin. Umbilicus-derived cells were positive for
alpha-smooth muscle actin and vimentin, with the staining
pattern consistent through passage 11.

Summary:

Concordance between gene expression levels measured by
microarray and PCR (both real-time and conventional) has
been established for four genes: oxidized LDL receptor 1,
rennin, reticulon, and IL.-8. The expression of these genes was
differentially regulated at the mRNA level in PPDCs, with
IL-8 also differentially regulated at the protein level. The
presence of oxidized LDL receptor was not detected at the
protein level by FACS analysis in cells derived from the
placenta. Differential expression of GCP-2 and CXC ligand 3
was not confirmed at the mRNA level, however GCP-2 was
detected at the protein level by FACS analysis in the placenta-
derived cells. Although this result is not reflected by data
originally obtained from the microarray experiment, this may
be due to a difference in the sensitivity of the methodologies.

Immediately after isolation (passage 0), cells derived from
the human placenta stained positive for both alpha-smooth
muscle actin and vimentin. This pattern was also observed in
cells at passage 11. These results suggest that vimentin and
alpha-smooth muscle actin expression may be preserved in
cells with passaging, in the Growth Medium and under the
conditions utilized in these procedures. Cells derived from
the human umbilical cord at passage 0 were probed for the
expression of alpha-smooth muscle actin and vimentin, and
were positive for both. The staining pattern was preserved
through passage 11.

EXAMPLE 11

In Vitro Immunological Evaluation of
Postpartum-Derived Cells

Postpartum-derived cells (PPDCs) were evaluated in vitro
for their immunological characteristics in an effort to predict
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the immunological response, if any, these cells would elicit
upon in vivo transplantation. PPDCs were assayed by flow
cytometry for the presence of HLA-DR, HLA-DP, HLA-DQ,
CD80, CD86, and B7-H2. These proteins are expressed by
antigen-presenting cells (APC) and are required for the direct
stimulation of naive CD4+T cells (Abbas & Lichtman, CEL-
LULAR AND MOLECULAR IMMUNOLOGY, 5th Ed.
(2003) Saunders, Philadelphia, p. 171). The cell lines were
also analyzed by flow cytometry for the expression of HLA-G
(Abbas & Lichtman, 2003, supra), CD 178 (Coumans, et al.,
(1999) Journal of Immunological Methods 224, 185-196),
and PD-L.2 (Abbas & Lichtman, 2003, supra; Brown, et. al.
(2003) The Journal of Immunology 170, 1257-1266). The
expression of these proteins by cells residing in placental
tissues is thought to mediate the immuno-privileged status of
placental tissues in utero. To predict the extent to which
placenta- and umbilicus-derived cell lines elicit an immune
response in vivo, the cell lines were tested in a one-way mixed
lymphocyte reaction (MLR).

Methods & Materials

Cell Culture:

Cells were cultured to confluence in Growth Medium con-
taining penicillin/streptomycin in T75 flasks (Corning, Corn-
ing, N.Y.) coated with 2% gelatin (Sigma, St. Louis, Mo.).

Antibody Staining:

Cells were washed in phosphate buffered saline (PBS)
(Gibco, Carlsbad, Calif.) and detached with Trypsin/EDTA
(Gibco, Carlsbad, Mo.). Cells were harvested, centrifuged,
and re-suspended in 3% (v/v) FBS in PBS at a cell concen-
tration of 1x107 per milliliter. Antibody (Table 11-1) was
added to one hundred microliters of cell suspension as per
manufacturer’s specifications and incubated in the dark for 30
minutes at 4° C. After incubation, cells were washed with
PBS and centrifuged to remove unbound antibody. Cells were
re-suspended in five hundred microliters of PBS and analyzed
by flow cytometry using a FACSCalibur instrument (Becton
Dickinson, San Jose, Calif.).

Mixed Lymphocyte Reaction:

Cryopreserved vials of passage 10 umbilicus-derived cells
labeled as cell line A and passage 11 placenta-derived cells
labeled as cell line B were sent on dry ice to CTBR (Sennev-
ille, Quebec) to conduct a mixed lymphocyte reaction using
CTBR SOP No. CAC-031. Peripheral blood mononuclear
cells (PBMCs) were collected from multiple male and female
volunteer donors. Stimulator (donor) allogeneic PBMC,
autologous PBMC, and postpartum cell lines were treated
with mitomycin C. Autologous and mitomycin C-treated
stimulator cells were added to responder (recipient) PBMCs
and cultured for 4 days. Afterincubation, [*H]-thymidine was
added to each sample and cultured for 18 hours. Following
harvest of the cells, radiolabeled DNA was extracted, and
[*H]-thymidine incorporation was measured using a scintil-
lation counter.

The stimulation index for the allogeneic donor (SIAD) was
calculated as the mean proliferation of the receiver plus mito-
mycin C-treated allogeneic donor divided by the baseline
proliferation of the receiver. The stimulation index of the
PPDCs was calculated as the mean proliferation of the
receiver plus mitomycin C-treated postpartum cell line
divided by the baseline proliferation of the receiver.
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Results

Mixed Lymphocyte Reaction—Placenta-Derived Cells:

Seven human volunteer blood donors were screened to
identify a single allogeneic donor that would exhibit a robust
proliferation response in a mixed lymphocyte reaction with
the other six blood donors. This donor was selected as the
allogeneic positive control donor. The remaining six blood
donors were selected as recipients. The allogeneic positive
control donor and placenta-derived cell lines were treated
with mitomycin C and cultured in a mixed lymphocyte reac-
tion with the six individual allogeneic receivers. Reactions
were performed in triplicate using two cell culture plates with
three receivers per plate (Table 11-2). The average stimula-
tion index ranged from 1.3 (plate 2) to 3 (plate 1) and the
allogeneic donor positive controls ranged from 46.25 (plate
2)to 279 (plate 1) (Table 11-3).

Mixed Lymphocyte Reaction—Umbilicus-Derived Cells:

Six human volunteer blood donors were screened to iden-
tify a single allogeneic donor that will exhibit a robust pro-
liferation response in a mixed lymphocyte reaction with the
other five blood donors. This donor was selected as the allo-
geneic positive control donor. The remaining five blood
donors were selected as recipients. The allogeneic positive
control donor and placenta cell lines were mitomycin
C-treated and cultured in a mixed lymphocyte reaction with
the five individual allogeneic receivers. Reactions were per-
formed in triplicate using two cell culture plates with three
receivers per plate (Table 11-4). The average stimulation
index ranged from 6.5 (plate 1) to 9 (plate 2) and the alloge-
neic donor positive controls ranged from 42.75 (plate 1) to 70
(plate 2) (Table 11-5).

Antigen Presenting Cell Markers—Placenta-Derived
Cells:

Histograms of placenta-derived cells analyzed by flow
cytometry show negative expression of HLA-DR, DP, DQ,
CD80, CD86, and B7-H2, as noted by fluorescence value
consistent with the IgG control, indicating that placental cell
lines lack the cell surface molecules required to directly
stimulate CD4+T cells.

Immunomodulating Markers—Placenta-Derived Cells:

Histograms of placenta-derived cells analyzed by flow
cytometry show positive expression of PD-1.2, as noted by the
increased value of fluorescence relative to the IgG control,
and negative expression of CD178 and HLLA-G, as noted by
fluorescence value consistent with the IgG control.

Antigen Presenting Cell Markers—Umbilicus-Derived
Cells:

Histograms of umbilicus-derived cells analyzed by flow
cytometry show negative expression of HLA-DR, DP, DQ,
CD80, CD86, and B7-H2, as noted by fluorescence value
consistent with the IgG control, indicating that umbilical cell
lines lack the cell surface molecules required to directly
stimulate CD4+T cells.

Immunomodulating Cell Markers—Umbilicus-Derived
Cells:

Histograms of umbilicus-derived cells analyzed by flow
cytometry show positive expression of PD-1.2, as noted by the
increased value of fluorescence relative to the IgG control,
and negative expression of CD178 and HLLA-G, as noted by
fluorescence value consistent with the IgG control.

Summary:

In the mixed lymphocyte reactions conducted with pla-
centa-derived cell lines, the average stimulation index ranged
from 1.3 to 3, and that of the allogeneic positive controls
ranged from 46.25 to 279. In the mixed lymphocyte reactions
conducted with umbilicus-derived cell lines the average
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stimulation index ranged from 6.5 to 9, and that of the allo-
geneic positive controls ranged from 42.75 to 70. Placenta-
and umbilicus-derived cell lines were negative for the expres-
sion of the stimulating proteins HLA-DR, HLA-DP, HLA-
DQ, CD80, CD86, and B7-H2, as measured by flow cytom-
etry. Placenta- and umbilicus-derived cell lines were negative
for the expression of immuno-modulating proteins HLA-G
and CD 178 and positive for the expression of PD-L.2, as
measured by flow cytometry. Allogeneic donor PBMCs con-
tain antigen-presenting cells expressing HLA-DR, DQ, CDS,
CD86, and B7-H2, thereby allowing for the stimulation of
naive CD4+ T cells. The absence of antigen-presenting cell
surface molecules on placenta- and umbilicus-derived cells
required for the direct stimulation of naive CD4+ T cells and
the presence of PD-L.2, an immunomodulating protein, may
account for the low stimulation index exhibited by these cells
in a MLR as compared to allogeneic controls.

EXAMPLE 12

Secretion of Trophic Factors by Postpartum-Derived
Cells

The secretion of selected trophic factors from placenta-
and umbilicus-derived cells was measured. Factors selected
for detection included: (1) those known to have angiogenic
activity, such as hepatocyte growth factor (HGF) (Rosen et al.
(1997) Ciba Found. Symp. 212:215-26), monocyte chemot-
actic protein 1 (MCP-1) (Salcedo et al. (2000) Blood 96;
34-40), interleukin-8 (IL-8) (Li et al. (2003) J. Immunol.
170:3369-76), keratinocyte growth factor (KGF), basic fibro-
blast growth factor (bFGF), vascular endothelial growth fac-
tor (VEGF) (Hughes et al. (2004) Ann. Thorac. Surg. 77:812-
8), matrix metalloproteinase 1 (TIMP1), angiopoietin 2
(ANG2), platelet derived growth factor (PDGF-bb), throm-
bopoietin (TPO), heparin-binding epidermal growth factor
(HB-EGF), stromal-derived factor lalpha (SDF-1alpha); (2)
those known to have neurotrophic/neuroprotective activity,
such as brain-derived neurotrophic factor (BDNF) (Cheng et
al. (2003) Dev. Biol. 258; 319-33), interleukin-6 (IL-6),
granulocyte chemotactic protein-2 (GCP-2), transforming
growth factor beta2 (TGFbeta2); and (3) those known to have
chemokine activity, such as macrophage inflammatory pro-
tein 1 alpha (MIP1la), macrophage inflammatory protein 1
beta (MIP1b), monocyte chemoattractant-1 (MCP-1), Rantes
(regulated on activation, normal T cell expressed and
secreted), 1309, thymus and activation-regulated chemokine
(TARC), Eotaxin, macrophage-derived chemokine (MDC),
1L-8).

Methods & Materials

Cell Culture:

PPDCs from placenta and umbilicus as well as human
fibroblasts derived from human neonatal foreskin were cul-
tured in Growth Medium with penicillin/streptomycin on
gelatin-coated T75 flasks. Cells were cryopreserved at pas-
sage 11 and stored in liquid nitrogen. After thawing of the
cells, Growth Medium was added to the cells followed by
transfer to a 15 milliliter centrifuge tube and centrifugation of
the cells at 150xg for 5 minutes. The supernatant was dis-
carded. The cell pellet was resuspended in 4 milliliters
Growth Medium, and cells were counted. Cells were seeded
at 375,000 cells/75 cm?® flask containing 15 milliliters of
Growth Medium and cultured for 24 hours. The medium was
changed to a serum-free medium (DMEM-low glucose
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(Gibco), 0.1% (w/v) bovine serum albumin (Sigma), penicil-
lin/streptomycin (Gibco)) for 8 hours. Conditioned serum-
free medium was collected at the end of incubation by cen-
trifugation at 14,000xg for 5 minutes and stored at -20° C. To
estimate the number of cells in each flask, cells were washed
with PBS and detached using 2 milliliters trypsin/EDTA.
Trypsin activity was inhibited by addition of 8 milliliters
Growth Medium. Cells were centrifuged at 150xg for 5 min-
utes. Supernatant was removed, and cells were resuspended
in 1 milliliter Growth Medium. Cell number was estimated
using a hemocytometer.

ELISA Assay:

Cells were grown at 37° C. in 5% carbon dioxide and
atmospheric oxygen. Placenta-derived cells (batch 101503)
also were grown in 5% oxygen or beta-mercaptoethanol
(BME). The amount of MCP-1, IL-6, VEGF, SDF-1alpha,
GCP-2, IL-8, and TGF-beta 2 produced by each cell sample
was measured by an ELISA assay (R&D Systems, Minne-
apolis, Minn.). All assays were performed according to the
manufacturer’s instructions.

SearchlLight Multiplexed ELISA Assay:

Chemokines (MIPla, MIP1b, MCP-1, Rantes, 1309,
TARC, Eotaxin, MDC, IL8), BDNF, and angiogenic factors
(HGF, KGF, bFGF, VEGF, TIMP1, ANG2, PDGF-bb, TPO,
HB-EGF were measured using Searchlight Proteome Arrays
(Pierce Biotechnology Inc.). The Proteome Arrays are mul-
tiplexed sandwich ELISAs for the quantitative measurement
of two to 16 proteins per well. The arrays are produced by
spotting a 2x2, 3x3, or 4x4 pattern of four to 16 different
capture antibodies into each well of a 96-well plate. Follow-
ing a sandwich ELISA procedure, the entire plate is imaged to
capture chemiluminescent signal generated at each spot
within each well of the plate. The amount of signal generated
in each spot is proportional to the amount of target protein in
the original standard or sample.

Results

ELISA Assay:

MCP-1 and IL-6 were secreted by placenta- and umbilicus-
derived cells and dermal fibroblasts (Table 12-1). SDF-1al-
pha was secreted by placenta-derived cells cultured in 5% O
2 and by fibroblasts. GCP-2 and IL.-8 were secreted by umbi-
licus-derived cells and by placenta-derived cells cultured in
the presence of BME or 5% O2. GCP-2 also was secreted by
human fibroblasts. TGF-beta2 was not detectable by ELISA
assay.

SearchlLight Multiplexed ELISA Assay:

TIMP1, TPO, KGF, HGF, FGF, HBEGF, BDNF, MIP1b,
MCP1, RANTES, 1309, TARC, MDC, and IL-8 were
secreted from umbilicus-derived cells (Tables 12-2 and 12-3).
TIMP1, TPO, KGF, HGF, HBEGF, BDNF, MIP1a, MCP-1,
RANTES, TARC, Eotaxin, and I[.-8 were secreted from pla-
centa-derived cells (Tables 12-2 and 12-3). No Ang2, VEGF,
or PDGF-bb were detected.

Summary:

Umbilicus- and placenta-derived cells secreted a number
oftrophic factors. Some of'these trophic factors, such as HGF,
bFGF, MCP-1 and IL.-8, play important roles in angiogenesis.
Other trophic factors, such as BDNF and IL.-6, have important
roles in neural regeneration.
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EXAMPLE 13

Short-Term Neural Differentiation of
Postpartum-Derived Cells

The ability of placenta- and umbilicus-derived cells (col-
lectively postpartum-derived cells or PPDCs) to differentiate
into neural lineage cells was examined.

Methods & Materials

Isolation and Expansion of Postpartum Cells:

PPDCs from placental and umbilical tissues were isolated
and expanded as described in Example 1.

Modified Woodbury-Black Protocol (A):

This assay was adapted from an assay originally performed
to test the neural induction potential of bone marrow stromal
cells (1). Umbilicus-derived cells (022803) P4 and placenta-
derived cells (042203) P3 were thawed and culture expanded
in Growth Media at 5,000 cells/cm® until sub-confluence
(75%) was reached. Cells were then trypsinized and seeded at
6,000 cells per well of a Titretek II glass slide (VWR Inter-
national, Bristol, Conn.). As controls, mesenchymal stem
cells (P3; 1F2155; Cambrex, Walkersville, Md.), osteoblasts
(P5; CC2538; Cambrex), adipose-derived cells (Artecel, U.S.
Pat. No. 6,555,374 B1) (P6; Donor 2) and neonatal human
dermal fibroblasts (P6; CC2509; Cambrex) were also seeded
under the same conditions.

All cells were initially expanded for 4 days in DMEM/F12
medium (Invitrogen, Carlsbad, Calif.) containing 15% (v/v)
fetal bovine serum (FBS; Hyclone, Logan, Utah), basic fibro-
blast growth factor (bFGF; 20 nanograms/milliliter; Pepro-
tech, Rocky Hill, N.J.), epidermal growth factor (EGF; 20
nanograms/milliliter; Peprotech) and penicillin/streptomycin
(Invitrogen). After four days, cells were rinsed in phosphate-
buffered saline (PBS; Invitrogen) and were subsequently cul-
tured in DMEM/F12 medium+20% (v/v) FBS+penicillin/
streptomycin for 24 hours. After 24 hours, cells were rinsed
with PBS. Cells were then cultured for 1-6 hours in an induc-
tion medium which was comprised of DMEM/F12 (serum-
free) containing 200 mM butylated hydroxyanisole, 10 uM
potassium chloride, 5 milligram/milliliter insulin, 10 uM for-
skolin, 4 pM valproic acid, and 2 pM hydrocortisone (all
chemicals from Sigma, St. Louis, Mo.). Cells were then fixed
in 100% ice-cold methanol and immunocytochemistry was
performed (see methods below) to assess human nestin pro-
tein expression.

Modified Woodbury-Black Protocol (B):

PPDCs (umbilicus (022803) P11; placenta (042203) P11)
and adult human dermal fibroblasts (1F1853, P11) were
thawed and culture expanded in Growth Medium at 5,000
cells/cm? until sub-confluence (75%) was reached. Cells
were then trypsinized and seeded at similar density as in (A),
but onto (1) 24 well tissue culture-treated plates (TCP, Falcon
brand, VWR International), (2) TCP wells+2% (w/v) gelatin
adsorbed for 1 hour at room temperature, or (3) TCP wells+20
pg/milliliter adsorbed mouse laminin (adsorbed for a mini-
mum of 2 hours at 37° C.; Invitrogen).

Exactly as in (A), cells were initially expanded and media
switched at the aforementioned timeframes. One set of cul-
tures was fixed, as before, at 5 days and six hours, this time
with ice-cold 4% (w/v) paraformaldehyde (Sigma) for 10
minutes at room temperature. In the second set of cultures,
medium was removed and switched to Neural Progenitor
Expansion medium (NPE) consisting of Neurobasal-A
medium (Invitrogen) containing B27 (B27 supplement; Invit-
rogen), [-glutamine (4 mM), and penicillin/streptomycin (In-
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vitrogen). NPE medium was further supplemented with ret-
inoic acid (RA; 1 uM; Sigma). This medium was removed 4
days later and cultures were fixed with ice-cold 4% (w/v)
paraformaldehyde (Sigma) for 10 minutes at room tempera-
ture, and stained for nestin, GFAP, and Tull protein expres-
sion (see Table 13-1).

Two Stage Differentiation Protocol:

PPDCs (umbilicus (042203) P11, placenta (022803) P11),
adult human dermal fibroblasts (P11; 1F1853; Cambrex)
were thawed and culture expanded in Growth Medium at
5,000 cells/cm® until sub-confluence (75%) was reached.
Cells were then trypsinized and seeded at 2,000 cells/cm?, but
onto 24 well plates coated with laminin (BD Biosciences,
Franklin Lakes, N.I.) in the presence of NPE media supple-
mented with bFGF (20 nanograms/milliliter; Peprotech,
Rocky Hill, N.J.) and EGF (20 nanograms/milliliter; Pepro-
tech) [whole media composition further referred to as NPE+
F+E]. At the same time, adult rat neural progenitors isolated
from hippocampus (P4; (062603) were also plated onto 24
well laminin-coated plates in NPE+F+E media. All cultures
were maintained in such conditions for a period of 6 days
(cells were fed once during that time) at which time media
was switched to the differentiation conditions listed in Table
13-2 for an additional period of 7 days. Cultures were fixed
with ice-cold 4% (w/v) paraformaldehyde (Sigma) for 10
minutes at room temperature, and stained for human or rat
nestin, GFAP, and TuJ1 protein expression.

Multiple Growth Factor Protocol:

Umbilicus-derived cells (P11; (042203)) were thawed and
culture expanded in Growth Medium at 5,000 cells/cm? until
sub-confluence (75%) was reached. Cells were then
trypsinized and seeded at 2,000 cells/cm?, onto 24 well lami-
nin-coated plates (BD Biosciences) in the presence of NPE+F
(20 nanograms/milliliter)+E (20 nanograms/milliliter). In
addition, some wells contained NPE+F+E+2% FBS or 10%
FBS. After four days of “pre-differentiation” conditions, all
media were removed and samples were switched to NPE
medium supplemented with sonic hedgehog (SHH; 200
nanograms/milliliter; Sigma, St. Louis, Mo.), FGF8 (100
nanograms/milliliter; Peprotech), BDNF (40 nanograms/mil-
liliter; Sigma), GDNF (20 nanograms/milliliter; Sigma), and
retinoic acid (1 uM; Sigma). Seven days post medium change,
cultures were fixed with ice-cold 4% (w/v) paraformaldehyde
(Sigma) for 10 minutes at room temperature, and stained for
human nestin, GFAP, Tull, desmin, and alpha-smooth muscle
actin expression.

Neural Progenitor Co-Culture Protocol:

Adultrat hippocampal progenitors (062603) were plated as
neurospheres or single cells (10,000 cells/well) onto laminin-
coated 24 well dishes (BD Biosciences) in NPE+F (20 nano-
grams/milliliter)+E (20 nanograms/milliliter).

Separately, umbilicus-derived cells (042203) P11 and pla-
centa-derived cells (022803) P11 were thawed and culture
expanded in NPE+F (20 nanograms/milliliter)+E (20 nano-
grams/milliliter) at 5,000 cells/cm® for a period of 48 hours.
Cells were then trypsinized and seeded at 2,500 cells/well
onto existing cultures of neural progenitors. At that time,
existing medium was exchanged for fresh medium. Four days
later, cultures were fixed with ice-cold 4% (w/v) paraformal-
dehyde (Sigma) for 10 minutes at room temperature, and
stained for human nuclear protein (hNuc; Chemicon) (Table
13-1 above) to identify PPDCs.

Immunocytochemistry:

Immunocytochemistry was performed using the antibodies
listed in Table 131-1. Cultures were washed with phosphate-
buffered saline (PBS) and exposed to a protein blocking solu-
tion containing PBS, 4% (v/v) goat serum (Chemicon,
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Temecula, Calif.), and 0.3% (v/v) Triton (Triton X-100;
Sigma) for 30 minutes to access intracellular antigens. Pri-
mary antibodies, diluted in blocking solution, were then
applied to the cultures for a period of 1 hour at room tempera-
ture. Next, primary antibodies solutions were removed and
cultures washed with PBS prior to application of secondary
antibody solutions (1 hour at room temperature) containing
blocking solution along with goat anti-mouse IgG—Texas
Red (1:250; Molecular Probes, Fugene, Oreg.) and goat anti-
rabbit IgG—Alexa 488 (1:250; Molecular Probes). Cultures
were then washed and 10 micromolar DAPI (Molecular
Probes) applied for 10 minutes to visualize cell nuclei.

Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

Results

Modified Woodbury-Black Protocol (A):

Upon incubation in this neural induction composition, all
cell types transformed into cells with bipolar morphologies
and extended processes. Other larger non-bipolar morpholo-
gies were also observed. Furthermore, the induced cell popu-
lations stained positively for nestin, a marker of multipotent
neural stem and progenitor cells.

Modified Woodbury-Black Protocol (B):

When repeated on tissue culture plastic (TCP) dishes, nes-
tin expression was not observed unless laminin was pre-
adsorbed to the culture surface. To further assess whether
nestin-expressing cells could then go on to generate mature
neurons, PPDCs and fibroblasts were exposed to NPE+RA (1
uM), a media composition known to induce the differentia-
tion of neural stem and progenitor cells into such cells (2, 3,
4). Cells were stained for Tull, a marker for immature and
mature neurons, GFAP, a marker of astrocytes, and nestin.
Under no conditions was Tull detected, nor were cells with
neuronal morphology observed, suggesting that neurons
were not generated in the short term. Furthermore, nestin and
GFAP were no longer expressed by PPDCs, as determined by
immunocytochemistry.

Two-Stage Differentiation:

Umbilicus and placenta PPDC isolates (as well as human
fibroblasts and rodent neural progenitors as negative and
positive control cell types, respectively) were plated on lami-
nin (neural promoting)-coated dishes and exposed to 13 dif-
ferent growth conditions (and two control conditions) known
to promote differentiation of neural progenitors into neurons
and astrocytes. In addition, two conditions were added to
examine the influence of GDFS, and BMP7 on PPDC differ-
entiation. Generally, a two-step differentiation approach was
taken, where the cells were first placed in neural progenitor
expansion conditions for a period of 6 days, followed by full
differentiation conditions for 7 days. Morphologically, both
umbilicus- and placenta-derived cells exhibited fundamental
changes in cell morphology throughout the time-course of
this procedure. However, neuronal or astrocytic-shaped cells
were not observed except for in control, neural progenitor-
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plated conditions Immunocytochemistry, negative for human
nestin, TuJ1, and GFAP confirmed the morphological obser-
vations.

Multiple Growth Factors:

Following one week’s exposure to a variety of neural dif-
ferentiation agents, cells were stained for markers indicative
of neural progenitors (human nestin), neurons (Tull), and
astrocytes (GFAP). Cells grown in the first stage in non-serum
containing media had different morphologies than those cells
in serum containing (2% or 10%) media, indicating potential
neural differentiation. Specifically, following a two step pro-
cedure of exposing umbilicus-derived cells to EGF and bFGF,
followed by SHH, FGF8, GDNF, BDNF, and retinoic acid,
cells showed long extended processes similar to the morphol-
ogy of cultured astrocytes. When 2% FBS or 10% FBS was
included in the first stage of differentiation, cell number was
increased and cell morphology was unchanged from control
cultures at high density. Potential neural differentiation was
not evidenced by immunocytochemical analysis for human
nestin, Tull, or GFAP.

Neural Progenitor and PPDC Co-Culture:

PPDCs were plated onto cultures of rat neural progenitors
seeded two days earlier in neural expansion conditions
(NPE+F+E). While visual confirmation of plated PPDCs
proved that these cells were plated as single cells, human-
specific nuclear staining (hNuc) 4 days post-plating (6 days
total) showed that they tended to ball up and avoid contact
with the neural progenitors. Furthermore, where PPDCs
attached, these cells spread out and appeared to be innervated
by differentiated neurons that were of rat origin, suggesting
that the PPDCs may have differentiated into muscle cells.
This observation was based upon morphology under phase
contrast microscopy. Another observation was that typically
large cell bodies (larger than neural progenitors) possessed
morphologies resembling neural progenitors, with thin pro-
cesses spanning out in multiple directions. HNuc staining
(found in one half of the cell’s nucleus) suggested that in
some cases these human cells may have fused with rat pro-
genitors and assumed their phenotype. Control wells contain-
ing only neural progenitors had fewer total progenitors and
apparent differentiated cells than did co-culture wells con-
taining umbilicus or placenta PPDCs, further indicating that
both umbilicus- and placenta-derived cells influenced the
differentiation and behavior of neural progenitors, either by
release of chemokines and cytokines, or by contact-mediated
effects.

Summary:

Multiple protocols were conducted to determine the short
term potential of PPDCs to differentiate into neural lineage
cells. These included phase contrast imaging of morphology
in combination with immunocytochemistry for nestin, Tull,
and GFAP, proteins associated with multipotent neural stem
and progenitor cells, immature and mature neurons, and
astrocytes, respectively. Evidence was observed to suggest
that neural differentiation occurred in certain instances in
these short-term protocols.

Several notable observations were made in co-cultures of
PPDCs with neural progenitors. This approach, using human
PPDCs along with a xenogeneic cell type allowed for abso-
lute determination of the origin of each cell in these cultures.
First, some cells were observed in these cultures where the
cell cytoplasm was enlarged, with neurite-like processes
extending away from the cell body, yet only half of the body
labeled with hNuc protein. Those cells may have been human
PPDCs that had differentiated into neural lineage cells or they
may have been PPDCs thathad fused with neural progenitors.
Second, it appeared that neural progenitors extended neurites
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to PPDCs in a way that indicates the progenitors differenti-
ated into neurons and innervated the PPDCs. Third, cultures
of neural progenitors and PPDCs had more cells of rat origin
and larger amounts of differentiation than control cultures of
neural progenitors alone, further indicating that plated
PPDCs provided soluble factors and or contact-dependent
mechanisms that stimulated neural progenitor survival, pro-
liferation, and/or differentiation.

EXAMPLE 14

Long-Term Neural Differentiation of
Postpartum-Derived Cells

The ability of umbilicus and placenta-derived cells (col-
lectively postpartum-derived cells or PPDCs) to undergo
long-term differentiation into neural lineage cells was evalu-
ated.

Methods & Materials

Isolation and Expansion of PPDCs:

PPDCs were isolated and expanded as described in previ-
ous Examples.

PPDC Cell Thaw and Plating:

Frozen aliquots of PPDCs (umbilicus (022803) P11;
(042203) P11; (071003) P12; placenta (101503) P7) previ-
ously grown in Growth Medium were thawed and plated at
5,000 cells/cm? in T-75 flasks coated with laminin (BD, Fran-
klinLakes, N.J.) in Neurobasal-A medium (Invitrogen, Carls-
bad, Calif.) containing B27 (B27 supplement, Invitrogen),
L-glutamine (4 mM), and Penicillin/Streptomycin (10 milli-
liters), the combination of which is herein referred to as
Neural Progenitor Expansion (NPE) media. NPE media was
further supplemented with bFGF (20 nanograms/milliliter,
Peprotech, Rocky Hill, N. J.) and EGF (20 nanograms/milli-
liter, Peprotech, Rocky Hill, N.J.), herein referred to as NPE+
bFGF+EGF.

Control Cell Plating:

In addition, adult human dermal fibroblasts (P11, Cam-
brex, Walkersville, Md.) and mesenchymal stem cells (PS5,
Cambrex) were thawed and plated at the same cell seeding
density on laminin-coated T-75 flasks in NPE+bFGF+EGF.
As a further control, fibroblasts, umbilicus, and placenta
PPDCs were grown in Growth Medium for the period speci-
fied for all cultures.

Cell Expansion:

Media from all cultures were replaced with fresh media
once a week and cells observed for expansion. In general,
each culture was passaged one time over a period of one
month because of limited growth in NPE+bFGF+EGF.

Immunocytochemistry:

After a period of one month, all flasks were fixed with cold
4% (w/v) paraformaldehyde (Sigma) for 10 minutes at room
temperature. Immunocytochemistry was performed using
antibodies directed against Tull (BIII Tubulin; 1:500; Sigma,
St. Louis, Mo.) and GFAP (glial fibrillary acidic protein;
1:2000; DakoCytomation, Carpinteria, Calif.). Briefly, cul-
tures were washed with phosphate-buffered saline (PBS) and
exposed to a protein blocking solution containing PBS, 4%
(v/v) goat serum (Chemicon, Temecula, Calif.), and 0.3%
(v/v) Triton (Triton X-100; Sigma) for 30 minutes to access
intracellular antigens. Primary antibodies, diluted in blocking
solution, were then applied to the cultures for a period of 1
hour at room temperature. Next, primary antibodies solutions
were removed and cultures washed with PBS prior to appli-
cation of secondary antibody solutions (1 hour at room tem-
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perature) containing block along with goat anti-mouse [gG—
Texas Red (1:250; Molecular Probes, Eugene, Oreg.) and
goat anti-rabbit [gG—Alexa 488 (1:250; Molecular Probes).
Cultures were then washed and 10 micromolar DAPI (Mo-
lecular Probes) applied for 10 minutes to visualize cell nuclei.

Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

Results

NPE+bFGF+EGF media slows proliferation of PPDCs and
alters their morphology Immediately following plating, a
subset of PPDCs attached to the culture flasks coated with
laminin. This may have been due to cell death as a function of
the freeze/thaw process or because of the new growth condi-
tions. Cells that did attach adopted morphologies different
from those observed in Growth Media.

Upon confluence, cultures were passaged and observed for
growth. Very little expansion took place of those cells that
survived passage. At this point, very small cells with no
spread morphology and with phase-bright characteristics
began to appear in cultures of umbilicus-derived cells. These
areas of the flask were followed over time. From these small
cells, bifurcating processes emerged with varicosities along
their lengths, features very similar to previously described
PSA-NCAM-+neuronal progenitors and TuJ1+immature neu-
rons derived from brain and spinal cord (1, 2). With time,
these cells became more numerous, yet still were only found
in clones.

Clones of Umbilicus-Derived Cells Express Neuronal Pro-
teins:

Cultures were fixed at one month post-thawing/plating and
stained for the neuronal protein TuJ1 and GFAP, an interme-
diate filament found in astrocytes. While all control cultures
grown in Growth Medium and human fibroblasts and MSCs
grown in NPE+bFGF+EGF medium were found to be Tul1-/
GFAP-, TulJl was detected in the umbilicus and placenta
PPDCs. Expression was observed in cells with and without
neuronal-like morphologies. No expression of GFAP was
observed in either culture. The percentage of cells expressing
TulJ1 with neuronal-like morphologies was less than or equal
to 1% of the total population (n=3 umbilicus-derived cell
isolates tested). While not quantified, the percentage of TuJ1+
cells without neuronal morphologies was higher in umbili-
cus-derived cell cultures than placenta-derived cell cultures.
These results appeared specific as age-matched controls in
Growth Medium did not express TuJ1.

Summary:

Methods for generating differentiated neurons (based on
TulJ1 expression and neuronal morphology) from umbilicus-
derived cells were developed. While expression for Tull was
not examined earlier than one month in vitro, it is clear that at
least a small population of umbilicus-derived cells can give
rise to neurons either through default differentiation or
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through long-term induction following one month’s exposure
to a minimal media supplemented with [-glutamine, basic
FGF, and EGF.

EXAMPLE 15
PPDC Trophic Factors for Neural Progenitor Support

The influence of umbilicus- and placenta-derived cells
(collectively postpartum-derived cells or PPDCs) on adult
neural stem and progenitor cell survival and differentiation
through non-contact dependent (trophic) mechanisms was
examined.

Methods & Materials

Adult Neural Stem and Progenitor Cell Isolation:

Fisher 344 adult rats were sacrificed by CO, asphyxiation
followed by cervical dislocation. Whole brains were removed
intact using bone rongeurs and hippocampus tissue dissected
based on coronal incisions posterior to the motor and soma-
tosensory regions of the brain (Paxinos, G. & Watson, C.
1997. The Rat Brain in Stereotaxic Coordinates). Tissue was
washed in Neurobasal-A medium (Invitrogen, Carlsbad,
Calif.) containing B27 (B27 supplement; Invitrogen),
L-glutamine (4 mM; Invitrogen), and penicillin/streptomycin
(Invitrogen), the combination of which is herein referred to as
Neural Progenitor Expansion (NPE) medium. NPE medium
was further supplemented with bFGF (20 nanograms/millili-
ter, Peprotech, Rocky Hill, N.J.) and EGF (20 nanograms/
milliliter, Peprotech, Rocky Hill, N.I.), herein referred to as
NPE+bFGF+EGF.

Following wash, the overlying meninges were removed,
and the tissue minced with a scalpel. Minced tissue was
collected and trypsin/EDTA (Invitrogen) added as 75% of'the
total volume. DNase (100 microliters per 8 milliliters total
volume, Sigma, St. Louis, Mo.) was also added. Next, the
tissue/media was sequentially passed through an 18 gauge
needle, 20 gauge needle, and finally a 25 gauge needle one
time each (all needles from Becton Dickinson, Franklin
Lakes, N.J.). The mixture was centrifuged for 3 minutes at
250 g. Supernatant was removed, fresh NPE+bFGF+EGF
was added and the pellet resuspended. The resultant cell
suspension was passed through a 40 micrometer cell strainer
(Becton Dickinson), plated on laminin-coated T-75 flasks
(Becton Dickinson) or low cluster 24-well plates (Becton
Dickinson), and grown in NPE+bFGF+EGF media until suf-
ficient cell numbers were obtained for the studies outlined.

PPDC Plating:

Postpartum-derived cells (umbilicus (022803) P12,
(042103) P12, (071003) P12; placenta (042203) P12) previ-
ously grown in Growth Medium were plated at 5,000 cells/
transwell insert (sized for 24 well plate) and grown for a
period of one week in Growth Medium in inserts to achieve
confluence.

Adult Neural Progenitor Plating:

Neural progenitors, grown as neurospheres or as single
cells, were seeded onto laminin-coated 24 well plates at an
approximate density of 2,000 cells/well in NPE+bFGF+EGF
for a period of one day to promote cellular attachment. One
day later, transwell inserts containing postpartum cells were
added according to the following scheme:

a. Transwell (umbilicus-derived cells in Growth Media,

200 microliters)+neural progenitors (NPE+bFGF+EGF,
1 milliliter)
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b. Transwell (placenta-derived cells in Growth Media, 200
microliters)+neural progenitors (NPE+bFGF+EGF, 1
milliliter)

c. Transwell (adult human dermal fibroblasts [1 F 1853;
Cambrex, Walkersville, Md.] P12 in Growth Media, 200
microliters)+neural progenitors (NPE+bFGF+EGF, 1
milliliter)

d. Control: neural progenitors alone (NPE+bFGF+EGF, 1
milliliter)

e. Control: neural progenitors alone (NPE only, 1 milliliter)

Immunocytochemistry:

After 7 days in co-culture, all conditions were fixed with
cold 4% (w/v) paraformaldehyde (Sigma) for a period of 10
minutes at room temperature Immunocytochemistry was per-
formed using antibodies directed against the epitopes listed in
Table 15-1. Briefly, cultures were washed with phosphate-
buffered saline (PBS) and exposed to a protein blocking solu-
tion containing PBS, 4% (v/v) goat serum (Chemicon,
Temecula, Calif.), and 0.3% (v/v) Triton (Triton X-100;
Sigma) for 30 minutes to access intracellular antigens. Pri-
mary antibodies, diluted in blocking solution, were then
applied to the cultures for a period of 1 hour at room tempera-
ture. Next, primary antibodies solutions were removed and
cultures washed with PBS prior to application of secondary
antibody solutions (1 hour at room temperature) containing
blocking solution along with goat anti-mouse 1gG—Texas
Red (1:250; Molecular Probes, Eugene, Oreg.) and goat anti-
rabbit IgG—Alexa 488 (1:250; Molecular Probes). Cultures
were then washed and 10 micromolar DAPI (Molecular
Probes) applied for 10 minutes to visualize cell nuclei.

Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

Quantitative Analysis of Neural Progenitor Differentia-
tion:

Quantification of hippocampal neural progenitor differen-
tiation was examined A minimum of 1000 cells were counted
per condition or if less, the total number of cells observed in
that condition. The percentage of cells positive for a given
stain was assessed by dividing the number of positive cells by
the total number of cells as determined by DAPI (nuclear)
staining.

Mass Spectrometry Analysis & 2D Gel Electrophoresis:

In order to identify unique, secreted factors as a result of
co-culture, conditioned media samples taken prior to culture
fixation were frozen down at -80° C. overnight. Samples
were then applied to ultrafiltration spin devices (MW cutoff
30kD). Retentate was applied to immunoatfinity chromatog-
raphy (anti-Hu-albumin; IgY) (immunoaffinity did not
remove albumin from the samples). Filtrate was analyzed by
MALDI. The pass through was applied to Cibachron Blue
affinity chromatography. Samples were analyzed by SDS-
PAGE and 2D gel electrophoresis.
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Results

PPDC Co-Culture Stimulates Adult Neural Progenitor Dif-
ferentiation:

Following culture with umbilicus- or placenta-derived
cells, co-cultured neural progenitor cells derived from adult
rat hippocampus exhibited significant differentiation along
all three major lineages in the central nervous system. This
effect was clearly observed after five days in co-culture, with
numerous cells elaborating complex processes and losing
their phase bright features characteristic of dividing progeni-
tor cells. Conversely, neural progenitors grown alone in the
absence of bFGF and EGF appeared unhealthy and survival
was limited.

After completion of the procedure, cultures were stained
for markers indicative of undifferentiated stem and progeni-
tor cells (nestin), immature and mature neurons (TuJ1), astro-
cytes (GFAP), and mature oligodendrocytes (MBP). Difter-
entiation along all three lineages was confirmed while control
conditions did not exhibit significant differentiation as evi-
denced by retention of nestin-positive staining amongst the
majority of cells. While both umbilicus- and placenta-derived
cells induced cell differentiation, the degree of differentiation
for all three lineages was less in co-cultures with placenta-
derived cells than in co-cultures with umbilicus-derived cells.

The percentage of differentiated neural progenitors follow-
ing co-culture with umbilicus-derived cells was quantified
(Table 15-2). Umbilicus-derived cells significantly enhanced
the number of mature oligodendrocytes (MBP) (24.0% vs.
0% in both control conditions). Furthermore, co-culture
enhanced the number of GFAP+astrocytes and Tul1+neurons
in culture (47.2% and 8.7% respectively). These results were
confirmed by nestin staining indicating that progenitor status
was lost following co-culture (13.4% vs. 71.4% in control
condition 4).

Though differentiation also appeared to be influenced by
adult human fibroblasts, such cells were not able to promote
the differentiation of mature oligodendrocytes nor were they
able to generate an appreciable quantity of neurons. Though
not quantified, fibroblasts did however, appear to enhance the
survival of neural progenitors.

Identification of Unique Compounds:

Conditioned media from umbilicus- and placenta-derived
co-cultures, along with the appropriate controls (NPE
mediax1.7% serum, media from co-culture with fibroblasts),
were examined for differences. Potentially unique com-
pounds were identified and excised from their respective 2D
gels.

Summary:

Co-culture of adult neural progenitor cells with umbilicus
or placenta PPDCs results in differentiation of those cells.
Results presented in this example indicate that the differen-
tiation of adult neural progenitor cells following co-culture
with umbilicus-derived cells is particularly profound. Spe-
cifically, a significant percentage of mature oligodendrocytes
was generated in co-cultures of umbilicus-derived cells. In
view of the lack of contact between the umbilicus-derived
cells and the neural progenitors, this result appears to be a
function of soluble factors released from the umbilicus-de-
rived cells (trophic effect).

Several other observations were made. First, there were
very few cells in the control condition where EGF and bFGF
were removed. Most cells died and on average, there were
about 100 cells or fewer per well. Second, it is to be expected
that there would be very little differentiation in the control
condition where EGF and bFGF was retained in the medium
throughout, since this is normally an expansion medium.
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While approximately 70% of the cells were observed to retain
their progenitor status (nestin+), about 30% were GFAP+
(indicative of astrocytes). This may be due to the fact that such
significant expansion occurred throughout the course of the
procedure that contact between progenitors induced this dif-
ferentiation (Song, H. et al. 2002. Nature 417: 29-32).

EXAMPLE 16
Transplantation of Postpartum-Derived Cells

Cells derived from the postpartum umbilicus and placenta
are useful for regenerative therapies. The tissue produced by
postpartum-derived cells (PPDCs) transplanted into SCID
mice with a biodegradable material was evaluated. The mate-
rials evaluated were Vicryl non-woven, 35/65 PCL/PGA
foam, and RAD 16 self-assembling peptide hydrogel.

Methods & Materials

Cell Culture:

Placenta- and umbilicus-derived cells were grown in
Growth Medium (DMEM-low glucose (Gibco, Carlsbad
Calif.), 15% (v/v) fetal bovine serum (Cat. #SH30070.03;
Hyclone, Logan, Utah), 0.001% (v/v) betamercaptoethanol
(Sigma, St. Louis, Mo.), penicillin/streptomycin (Gibco)) ina
gelatin-coated flasks.

Sample Preparation:

One million viable cells were seeded in 15 microliters
Growth Medium onto 5 mm diameter, 2.25 mm thick Vieryl
non-woven scaffolds (64.33 milligrams/cc; Lot#3547-47-1)
or 5 mm diameter 35/65 PCL/PGA foam (Lot#3415-53).
Cells were allowed to attach for two hours before adding
more Growth Medium to cover the scaffolds. Cells were
grown on scaffolds overnight. Scaffolds without cells were
also incubated in medium.

RAD16 self-assembling peptides (3D Matrix, Cambridge,
Mass. under a material transfer agreement) was obtained as a
sterile 1% (w/v) solution in water, which was mixed 1:1 with
1x10° cells in 10% (w/v) sucrose (Sigma, St Louis, Mo.), 10
mM HEPES in Dulbecco’s modified medium (DMEM;
Gibco) immediately before use. The final concentration of
cells in RAD16 hydrogel was 1x10° cells/100 microliters.

Test Material (N=4/Rx)

a. Vicryl non-woven+1x10° umbilicus-derived cells

b. 35/65 PCL/PGA foam+1x10° umbilicus-derived cells

¢. RAD 16 self-assembling peptide+1x10° umbilicus-de-

rived cells

d. Vicryl non-woven+1x10° placenta-derived cells

e.35/65 PCL/PGA foam+1x10° placenta-derived cells

f. RAD 16 self-assembling peptide+1x10° placenta-de-

rived cells

g.35/65 PCL/PGA foam

h. Vicryl non-woven

Animal Preparation:

The animals were handled and maintained in accordance
with the current requirements of the Animal Welfare Act.
Compliance with the above Public Laws were accomplished
by adhering to the Animal Welfare regulations (9 CFR) and
conforming to the current standards promulgated in the Guide
for the Care and Use of Laboratory Animals, 7th edition.

Mice (Mus Musculus)/Fox Chase SCID/Male (Harlan
Sprague Dawley, Inc., Indianapolis, Ind.), 5 Weeks of Age:

All handling of the SCID mice took place under a hood.
The mice were individually weighed and anesthetized with an
intraperitoneal injection of a mixture of 60 milligrams/kg
KETASET (ketamine hydrochloride, Aveco Co., Inc., Fort
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Dodge, Iowa) and 10 milligrams/’kg ROMPUN (xylazine,
Mobay Corp., Shawnee, Kans.) and saline. After induction of
anesthesia, the entire back of the animal from the dorsal
cervical area to the dorsal lumbosacral area was clipped free
of hair using electric animal clippers. The area was then
scrubbed with chlorhexidine diacetate, rinsed with alcohol,
dried, and painted with an aqueous iodophor solution of 1%
available iodine. Ophthalmic ointment was applied to the
eyes to prevent drying of the tissue during the anesthetic
period.

Subcutaneous Implantation Technique:

Four skin incisions, each approximately 1.0 cm in length,
were made on the dorsum of the mice. Two cranial sites were
located transversely over the dorsal lateral thoracic region,
about 5-mm caudal to the palpated inferior edge of the
scapula, with one to the left and one to the right of the
vertebral column. Another two were placed transversely over
the gluteal muscle area at the caudal sacro-lumbar level, about
5-mm caudal to the palpated iliac crest, with one on either side
of the midline. Implants were randomly placed in these sites
in accordance with the experimental design. The skin was
separated from the underlying connective tissue to make a
small pocket and the implant placed (or injected for RAD16)
about 1-cm caudal to the incision. The appropriate test mate-
rial was implanted into the subcutaneous space. The skin
incision was closed with metal clips.

Animal Housing:

Mice were individually housed in microisolator cages
throughout the course of the study within a temperature range
of 64° F.-79° F. and relative humidity of 30% to 70%, and
maintained on an approximate 12 hour light/12 hour dark
cycle. The temperature and relative humidity were main-
tained within the stated ranges to the greatest extent possible.
Diet consisted of Irradiated Pico Mouse Chow 5058 (Purina
Co.) and water fed ad libitum.

Mice were euthanized at their designated intervals by car-
bon dioxide inhalation. The subcutaneous implantation sites
with their overlying skin were excised and frozen for histol-
ogy.

Histology:

Excised skin with implant was fixed with 10% neutral
buffered formalin (Richard-Allan Kalamazoo, Mich.).
Samples with overlying and adjacent tissue were centrally
bisected, paraffin-processed, and embedded on cut surface
using routine methods. Five-micron tissue sections were
obtained by microtome and stained with hematoxylin and
eosin (Poly Scientific Bay Shore, N.Y.) using routine meth-
ods.

Results

There was minimal ingrowth of tissue into foams (without
cells) implanted subcutaneously in SCID mice after 30 days.
In contrast there was extensive tissue fill in foams implanted
with umbilical-derived cells or placenta-derived cells. Some
tissue ingrowth was observed in Vicryl non-woven scaffolds.
Non-woven scaffolds seeded with umbilicus- or placenta-
derived cells showed increased matrix deposition and mature
blood vessels.

Summary:

Synthetic absorbable non-woven/foam discs (5.0 mm
diameterx1.0 mm thick) or self-assembling peptide hydrogel
were seeded with either cells derived from human umbilicus
or placenta and implanted subcutaneously bilaterally in the
dorsal spine region of SCID mice. The results demonstrated
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that postpartum-derived cells could dramatically increase
good quality tissue formation in biodegradable scaffolds.

EXAMPLE 17
Use of Postpartum-Derived Cells in Nerve Repair

Retinal ganglion cell (RGC) lesions have been extensively
used as models for various repair strategies in the adult mam-
malian CNS. It has been demonstrated that retrobulbar sec-
tion of adult rodent RGC axons results in abortive sprouting
(Zeng et al., 1995) and progressive death of the parent cell
population (Villegas-Perez et al., 1993). Numerous studies
have demonstrated the stimulatory effects of various exog-
enous and endogenous factors on the survival of axotomized
RGC’s and regeneration of their axons (Yip and So, 2000;
Fischer et al., 2001). Furthermore, other studies have demon-
strated that cell transplants can be used to promote regenera-
tion of severed nerve axons (Li et al., 2003; Ramon-Cueto et
al., 2000). Thus, these and other studies have demonstrated
that cell based therapy can be utilized for the treatment of
neural disorders that affect the spinal cord, peripheral nerves,
pudendal nerves, optic nerves or other diseases/trauma due to
injury in which nervous damage can occur.

Self-assembling peptides (PuraMatrix®, U.S. Pat. Nos.
5,670,483, 5,955,343, US/PCT applications US2002/
0160471, W0O02/062969) have been developed to act as a
scatfold for cell-attachment to encapsulate cells in 3-D, plate
cells in 2-D coatings, or as microcarriers in suspension cul-
tures. Three-dimensional cell culture has required either ani-
mal-derived materials (mouse sarcoma extract), with their
inherent reproducibility and cell signaling issues, or much
larger synthetic scaffolds, which fail to approximate the
physical nanometer-scale and chemical attributes of native
ECM. RAD 16 (NH2-(RADA) 3-COOH) and KLD (NH2-
(KLDL)3-COOH) are synthesized in small (RAD 16 is 5
nanometers) oligopeptide fragments that self-assemble into
nanofibers on a scale similar to the in vivo extracellular matrix
(ECM) (3D Matrix, Inc Cambridge, Mass.). The self-assem-
bly is initiated by mono- or di-valent cations found in culture
media or the physiological environment. In the protocols
described in this example, RAD 16 was used as a microcarrier
for the implantation of postpartum cells into the ocular defect.
In this example, it is demonstrated that transplants of post-
partum-derived cells PPDCs) can provide efficacy in an adult
rat optic nerve axonal regeneration model.

Methods & Materials

Cells:

Cultures of human adult PPDCs (umbilicus and placenta)
and fibroblast cells (passage 10) were expanded for 1 passage.
All cells were initially seeded at 5,000 cells/cm® on gelatin-
coated T75 flasks in Growth Medium with 100 Units per
milliliter penicillin, 100 micrograms per milliliter streptomy-
cin, 0.25 micrograms per milliliter amphotericin B (Invitro-
gen, Carlsbad, Calif.). At passage 11 cells were trypsinized
and viability was determined using trypan blue staining
Briefly, 50 microliters of cell suspension was combined with
50 microliters of 0.04% w/v trypan blue (Sigma, St. Louis
Mo.) and the viable cell number, was estimated using a
hemocytometer. Cells were then washed three times in
supplement free-Leibovitz’s L[-15 medium (Invitrogen,
Carlsbad, Calif.). Cells were then suspended at a concentra-
tion of 200,000 cells in 25 microliters of RAD-16 (3DM Inc.,
Cambridge, Mass.), which was buffered and made isotonic as
per manufacturer’s recommendations. One hundred microli-
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ters of supplement free Leibovitz’s [.-15 medium was added
above the cell/matrix suspension to keep it wet till use. These
cell/matrix cultures were maintained under standard atmo-
spheric conditions until transplantation occurred. At the point
of transplantation the excess medium was removed.

Animals and Surgery:

Long Evans female rats (220-240 gram body weight) were
used. Under intraperitoneal tribromoethanol anesthesia (20
milligram/100 grams body weight), the optic nerve was
exposed, and the optic sheath was incised intraorbitally at
approximately 2 millimeters from the optic disc, the nerve
was lifted from the sheath to allow complete transsection with
fine scissors (Li et al., 2003). The completeness of transsec-
tion was confirmed by visually observing complete separa-
tion of the proximal and distal stumps. The control group
consisted of lesioned rats without transplants. In transplant
rats cultured postpartum cells seeded in RAD-16 were
inserted between the proximal and distal stumps using a pair
of microforceps. Approximately 75,000 cells in RAD-16
were implanted into the severed optic nerve. Cell/matrix was
smeared into the severed cut using a pair of fine microforceps.
The severed optic nerve sheath was closed with 10/0 black
monofilament nylon (Ethicon, Inc., Edinburgh, UK). Thus,
the gap was closed by drawing the cut proximal and distal
ends of the nerve in proximity with each other.

After cell injections were performed, animals were
injected with dexamethasone (2 milligrams/kilogram) for 10
days post transplantation. For the duration of the study, ani-
mals were maintained on oral cyclosporine A (210 milli-
grams/liter of drinking water; resulting blood concentration:
250-300 micrograms/liter) (Bedford Labs, Bedford, Ohio)
from 2 days pre-transplantation until end of the study. Food
and water were available ad libitum. Animals were sacrificed
at either 30 or 60 days post transplantation.

CTB Application:

Three days before animals were sacrificed, under anesthe-
sia, a glass micropipette with a 30-50 millimeter tip was
inserted tangentially through the sclera behind the lens, and
two 4-5 microliter aliquots of a 1% retrograde tracer-cholera
toxin B (CTB) aqueous solution (List Biologic, Campbell,
Calif.) was injected into the vitreous. Animals were perfused
with fixative and optic nerves were collected in the same
fixative for 1 hour. The optic nerves were transferred into
sucrose overnight. Twenty micrometer cryostat sections were
incubated in 0.1 molar glycine for 30 minutes and blocked in
aPBS solution containing 2.5% bovine serum albumin (BSA)
(Boeringer Mannheim, Mannheim, Germany) and 0.5% tri-
ton X-100 (Sigma, St. Louis, Mo.), followed by a solution
containing goat anti-CTB antibody (List Biologic, Campbell,
Calif.) diluted 1:4000 in a PBS containing 2% normal rabbit
serum (NRS) (Invitrogen, Carlsbad, Calif.), 2.5% BSA, and
2% Triton X-100 (Sigma, St. Louis, Mo.) in PBS, and incu-
bated in biotinylated rabbit anti-goat 1gG antibody (Vector
Laboratories, Burlinghame, Calif.) diluted 1:200 in 2% Tri-
ton-X100 in PBS for 2 hours at room temperature. This was
followed by staining in 1:200 streptavidin-green (Alexa Flour
438; Molecular Probes, Eugene, Oreg.) in PBS for 2 hours at
room temperature. Stained sections were then washed in PBS
and counterstained with propidium iodide for confocal
microscopy.

Histology Preparation:

Briefly, 5 days after CTB injection, rats were perfused with
4% paraformaldehyde. Rats were given 4 cubic centimeters
of'urethane and were then perfused with PBS (0.1 molar) then
with 4% Para formaldehyde. The spinal cord was cut and the
bone removed from the head to expose the colliculus. The
colliculus was then removed and placed in 4% paraformalde-
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hyde. The eye was removed by cutting around the outside of
the eye and going as far back as possible. Care was given not
to cut the optic nerve that lies on the underside of the eye. The
eye was removed and the muscles were cut exposing the optic
nerve this was then placed in 4% paraformaldehyde.

Results

Lesions Alone:

One month after retrotubular section of the optic nerve, a
number of CTB-labeled axons were identified in the nerve
segment attached to the retina. In the 200 micrometers nearest
the cut, axons were seen to emit a number of collaterals at
right angles to the main axis and terminate as a neuromatous
tangle at the cut surface. In this cut between the proximal and
distal stumps, the gap was observed to be progressively
bridged by a 2-3 millimeter segment of vascularized connec-
tive tissue; however, no axons were seen to advance into this
bridged area. Thus, in animals that received lesion alone no
axonal growth was observed to reach the distal stump.

RAD-16 Transplantation:

Following transplantation of RAD-16 into the cut, visible
ingrowth of vascularized connective tissue was observed.
However, no axonal in growth was observed between the
proximal and distal stumps. The results demonstrate that
application of RAD-16 alone is not sufficient for inducing
axonal regeneration in this situation.

Transplantation of Postpartum-Derived Cells:

Transplantation of postpartum-derived cells into the sev-
ered optic nerve stimulated optic nerve regrowth. Some
regrowth was also observed in conditions in which fibroblast
cells were implanted, although this was minimal as compared
with the regrowth observed with the transplanted placenta-
derived cells. Optic nerve regrowth was observed in 4/5 ani-
mals transplanted with placenta-derived cells, 3/6 animals
transplanted with adult dermal fibroblasts and in 1/4 animals
transplanted with umbilicus-derived cells. In situations where
regrowth was observed, CTB labeling confirmed regenera-
tion of retinal ganglion cell axons, which were demonstrated
to penetrate through the transplant area. GFAP labeling was
also performed to determine the level of glial scarring. The
GFAP expression was intensified at the proximal stump with
some immunostaining being observed through the reiner-
vated graft.

Summary:

These results demonstrate that transplanted human adult
postpartum-derived cells are able to stimulate and guide
regeneration of cut retinal ganglion cell axons.

EXAMPLE 18

Use of Postpartum-Derived Cells in the Treatment of
Retinitis Pigmentosa

Currently no real treatment exists for blinding disorders
that stem from the degeneration of cells in the retina. Loss of
photoreceptors as a result of apoptosis or secondary degen-
eration lead to progressive deterioration of vision, and ulti-
mately to blindness. Diseases in which this occurs include
age-related macular degeneration (AMD) and retinitis pig-
mentosa (RP). RP is most commonly associated with a single
gene mutation, which contributes to photoreceptor cell death.

The retinal photoreceptors and adjacent retinal pigment
epithelium form a functional unit. The Royal College of Sur-
geons (RCS) rat presents with a tyrosine receptor kinase
(Merkt) defect affecting outer segment phagocytosis, leading
to photoreceptor cell death. Transplantation of retinal pig-
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ment epithelial (RPE) cells into the subretinal space of RCS
rats was found to limit the progress of photoreceptor loss and
preserve visual function. In this example, it is demonstrated
that postpartum-derived cells can be used to promote photo-
receptor rescue and thus preserve photoreceptors in an RCS
model.

Methods & Materials

Cell Transplants:

Cultures of human adult umbilicus-derived cells, placen-
tal-derived cells and fibroblast cells (passage 10) were
expanded for 1 passage. All cells were initially seeded at
5,000 cells/cm® on gelatin-coated T75 flasks in Growth
Medium. For subsequent passages, all cells were treated as
follows. After trypsinization, viable cells were counted after
trypan blue staining Briefly, 50 microliters of cell suspension
was combined with 50 microliters of 0.04% w/v trypan blue
(Sigma, St. Louis Mo.) and the viable cell number was esti-
mated using a hemocytometer. Cells were trypsinized and
washed three times in supplement free-DMEM: Low glucose
medium (Invitrogen, Carlsbad, Calif.). Cultures of human
adult umbilicus-derived cells, placental-derived cells and
fibroblast cells at passage 11 were trypsinized and washed
twice in Leibovitz’s [-15 medium (Invitrogen, Carlsbad,
Calif.). For the transplantation procedure, dystrophic RCS
rats were anesthetized with xylazine-ketamine (1 mg/kg i.p.
of the following mixture: 2.5 ml xylazine at 20 mg/ml, 5 ml
ketamine at 100 mg/ml, and 0.5 ml distilled water) and their
heads secured by a nose bar. Cells devoid of serum were
resuspended (2x10° cells per injection) in 2 microliters of
Leibovitz, L-15 medium (Invitrogen, Carlsbad, Calif.) and
transplanted using a fine glass pipette (internal diameter
75-150 micrometers) trans-scerally. Cells were delivered into
the dorso-temporal subretinal space of anesthetized 3 week
old dystrophic-pigmented RCS rats (total N=10/cell type).

Cells were injected unilaterally into the right eye, while the
left eye was injected with carrier medium alone (Sham con-
trol; Leibovitz’s [.-15 medium). Viability of residual trans-
plant cells remained at greater than 95% as assessed by trypan
blue exclusion at the end of the transplant session. After cell
injections were performed, animals were injected with dex-
amethasone (2 mg/kg) for 10 days post transplantation. For
the duration of the study, animals were maintained on oral
cyclosporine A (210 mg/L of drinking water; resulting blood
concentration: 250-300 micrograms/L.) (Bedford Labs, Bed-
ford, Ohio) from 2 days pre-transplantation until end of the
study. Food and water were available ad libitum. Animals
were sacrificed at 60 or 90 days postoperatively, with some
animals being sacrificed at earlier timepoints for histological
assessment of short-term changes associated with cell trans-
plantation.

ERG Recordings:

Following overnight dark adaptation, animals were pre-
pared for ERG recording under dim red light, as described in
(Sauve, Y. et al., 2004, Vision Res. 44: 9-18). In brief, under
anesthesia (with a mixture of 150 mg/kg i.p ketamine, and 10
mg/kg i.p. xylazine) the head was secured with a stereotaxic
head holder and the body temperature monitored through a
rectal thermometer and maintained at 38° C. using a homeo-
thermic blanket. Pupils were dilated using equal parts of
topical 2.5% phenylephrine and 1% tropicamide. Topical
anesthesia with 0.75% bupivacaine was used to prevent any
corneal reflexes and a drop of 0.9% saline was frequently
applied on the cornea to prevent its dehydration and allow
electrical contact with the recording electrode (gold wire
loop). A 25-gauge needle inserted under the scalp, between
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the two eyes, served as the reference electrode. Amplification
(at 1-1000 Hz bandpass, without notch filtering), stimulus
presentation, and data acquisition were provided by the
UTAS-3000 system from LKC Technologies (Gaithersburg,
Md.). ERGs were recorded at 60 and 90 days of age in the
umbilicus-derived cell groups and at 60 days only in the
placental-derived cell and fibroblast cell groups.

Mixed a- and b-Wave Recording, Measuring Total Rod and
Cone Contribution:

For the quantification of dark-adapted b-waves, recordings
consisted of single flash presentations (10 psec duration),
repeated 3 to 5 times to verify the response reliability and
improve the signal-to-noise ratio, if required. Stimuli were
presented at six increasing intensities in one log unit steps
varying from -3.6 to 1.4 log candila/m? in luminance. To
minimize the potential bleaching of rods, inter-stimulus inter-
vals were increased as the stimulus luminance was elevated
from 10 sec at lowest stimulus intensity to 2 minutes at
highest stimulus intensity. The maximum b-wave amplitude
was defined as that obtained from the flash intensity series,
regardless of the stimulus intensity. The true 'V, from fitting
the data with a Naka-Rushton curve was not used because
ERG responses were often erratic at higher luminance levels
in dystrophic animals and showed tendencies for depressed
responses around 0.4 and 1.4 log candila/m?. In order to
determine the age at which ERG components were obtained
or lost, criterion amplitudes were used: 20 uV for a- and
b-waves, and 10 uV for STR-like responses. The amplitude of
the b-wave was measured from the a-wave negative peak up to
the b-wave positive apex, and not up to the peak of oscilla-
tions, which can exceed the b-wave apex. In these experi-
ments as disease progresses in this model the ERG’s are
effectively abnormal. Thus, ERG measurements are taken on
the lower end of normal visual function. This in turn can make
measurements noisy as you reach the limits of threshold
sensitivity.

Isolation of Rod and Cone Responses:

The double flash protocol, as described in (Nixon, P. J. et
al., 2001, Clin Experiment Ophthalmol. 29:193-196) was
used to determine the isolation of rod and cone responses. A
probe flash was presented 1 sec after a conditioning flash,
using a specific feature of the UTAS-3000 system (LKC
Technologies) with calibrated ganzfeld; assuring complete
recharge of the stimulator under the conditions used. The role
of the conditioning flash in the procedure was to transiently
saturate rods so that they were rendered unresponsive to the
probe flash. Response to the probe flash was taken as reflect-
ing cone-driven activity. A rod-driven b-wave was obtained
by subtracting the cone-driven response from the mixed
response (obtained following presentation of a probe flash
alone, i.e. not preceded by any conditioning flash).

Functional Assessment:

Physiological retinal sensitivity testing was performed to
demonstrate retinal response to dim light. Animals were anes-
thetized with a recovery dose of urethane at 1.25 g/kg i.p.
Physiological assessment in the animals was tested post graft
in animals at 90 days by recording multiunit extracellular
activity in the superior colliculus to illumination of respective
visual receptive fields, using the method disclosed in (Lund,
R. D. et al., 2001, Proc. Natl. Acad. Sci. USA. 98: 9942-
9947). This procedure was repeated for 20 independent points
(spaced 200 mm apart, with each step corresponding to
approximately 10-150 displacements in the visual field), cov-
ering the visual field. Visual thresholds were measured as the
increase in intensity over background and maintained at 0.02
candila/m? (luminescence unit) [at least 2.6 logarithm units
below rod saturation], required for activating units in the



US 9,234,172 B2

77

superficial 200 um of the superior colliculus. Response
parameters were compared between transplanted and sham
control eyes that received vehicle alone.

Histology:

Animals were sacrificed with an overdose of urethane
(12.5 g/kg). The orientation of the eye was maintained by
placing a 6.0 suture through the superior rectus muscle prior
to enucleation. After making a corneal incision, the eyes were
fixed with 2.5% parafomaldehyde, 2.5% glutaraldehyde,
0.01% picric acid in 0.1 M cacodylate buffer (pH7.4) (Sigma,
St. Louis, Mo.). After fixation, the cornea and lens were
removed by cutting around the ciliary body. A small nick was
made in the periphery of the dorsal retina prior to removal of
the superior rectus to assist in maintaining orientation. The
retinas were then post-fixed in 1% osmium tetroxide for 1 h.
After dehydration through a series of alcohols to epoxypro-
pane, the retinas were embedded in TAAB embedding resin
(TAAB Laboratories, Aldemarston, UK). Semi-thin sections
were stained with 1% toluidine Blue in 1% borate buffer and
the ultra thin sections were contrasted with uranyl acetate and
lead citrate.

For Nissl staining, sections were stained with 0.75% cresyl
violet (Sigma, St. Louis, Mo.) after which they were dehy-
drated through graded alcohols at 70, 95 and 100% twice.
They were then placed in xylene (Sigma, St. Louis, Mo.),
rinsed with PBS (pH 7.4) (Invitrogen, Carlsbad, Calif.), cov-
erslipped and mounted with DPX mountant (Sigma, St.
Louis, Mo.).

Results

ERG Recordings:

Animals that received umbilicus-derived cell injections
exhibited relative preservation of visual response properties
60 and 90 days post-operatively (Table 18-1). The response
observed in these animals was greater than that seen with
placental-derived cell, fibroblast cell or sham treated animals.
Placental-derived cell transplants (n=4) at 60 days showed no
improvement in a-wave (20+20) versus sham controls (0), but
showed some improvement in mixed b-wave (81£72) versus
sham controls (1.5£2), and good improvement in cone-b-
wave (50£19) versus sham controls (7+7), and in rod contri-
bution (30%) versus sham controls (0). These results indi-
cated some improvement in visual responsiveness when
compared to sham controls.

Umbilicus-derived cell-transplanted animals (n=6) dem-
onstrated good improvement in all outcome measures tested
at 60 days (Table 18-1), a-wave (27+11) versus sham controls
(0), mixed b-wave (117+67) versus sham controls (18+13),
cone-b-wave (55+25) versus sham controls (28+11), and in
rod contribution (49+16%) versus sham controls (6£7%).
Furthermore, at 90 days, improved responses were measured
in two animals tested, with measures including: a-wave
(15+7) versus sham controls (O), mixed b-wave (37+15) ver-
sus sham controls (O), cone-b-wave (16+11) versus sham
controls (7+5), and in rod contribution (58+39%) versus
sham controls (0%). These results indicate that visual respon-
siveness was improved in umbilicus-derived cell transplanted
animals with evidence for photoreceptor preservation in the
RCS model. Although a diminution in responsiveness to ERG
was observed in the 90 day animals tested, their preservation
of'visual function in comparison to sham-treated controls was
good.

In contrast to either umbilicus-derived or placental-derived
cells, fibroblast transplantations showed no improvement in
any of the parameters tested, with values less than or equal to
sham-treated controls.
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Histology:

Following transplantation, there was no histological evi-
dence of an inflammatory reaction and infiltrating immune
cells were not observed in Nissl-stained sections in the post-
partum cell groups. However, fibroblast implantations
resulted in animal death (n=7) and indications of early stage
inflammatory responses. Histologically at the 90 day time
point in the umbilicus-derived cell transplanted animals ana-
tomical rescue of photoreceptors was clearly demonstrated.
The photoreceptors formed a thick layer separated by a gap
from the inner nuclear layer, made up of other retinal cells. By
comparison, the width of the outer layer in the sham control
was, at best, a discontinuous single layer as opposed to around
5 cells thick in the grafted eye. In comparison to a normal
animal this is marginally more than half the thickness of
photoreceptor cell layers normally observed.

Functional Assessment:

Efficacy of transplants in preventing visual loss was moni-
tored by assessment of electrophysiological responsiveness
in two animals. The threshold sensitivity response to light was
used to define the area of visual field rescue in sham-injected
control eyes versus eyes transplanted with umbilicus-derived
cells. In nondystrophic rats, visual thresholds never exceeded
0.5 log candila/m® above background. In non-operated dys-
trophic rats, the thresholds are usually in the magnitude of 4
log candila/m® units. By contrast, in non-operated sham
injected dystrophic rats, the thresholds were in the order of
2.9-4.9 log candila/m?® units with an average threshold of 4.0
log candila/m? units, in some instances no recording could be
attained. Thus, the sham-injected rats showed some highly
localized functional rescue in the temporal retina. However,
the human umbilicus-derived cell transplanted rats exhibited
substantially greater levels of visual preservation with thresh-
olds ranging from 0.8 to 2.1 log candila/m® units, with an
average threshold of 1.3 log candila/m? units.

Summary:

Transplantation of umbilicus-derived cells into dystrophic
RCS rats was shown to preserve photoreceptors. To a lesser
degree this response was also seen following transplantation
with placental-derived cells although improvement was seen
in a-wave responsiveness was not observed. In this degenera-
tive model, one would expect the a-wave to disappear within
30 to 60 days and the b-wave to disappear within 3 months.
Thus, a retained a-wave indicates that real and normal rod
function is preserved. Rod contribution to b-wave suggests
abnormal rod function is still possible. The sustained non-rod
b-wave is the measure of how much cone function is main-
tained, which is a real measure of vision. Thus, the level of
improvement assessed both physiologically and anatomically
following umbilicus-derived cell transplantation is well
defined here. ERG measurements provide an assessment of
visual function after photoreceptor loss, indicating changes in
electrical activity in the retina. However, ERG does not pro-
vide direct information as to image forming capability. The
measurement of collicular threshold sensitivity used in this
study provides an indication of relative preservation of visual
fields. The importance of this measure is based on a correla-
tion between the amounts of functional rescue and anatomical
preservation and that the data collected compares with visual
field perimetry testing in humans. The transplantation has
demonstrated a retardation of the disease process in the test
animals. Thus, the results presented herein demonstrate clear
evidence of functional efficacy of grafting human PPDCs into
the subretinal space, and that rescue occurs in the general
region in which the grafted cells are located.
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EXAMPLE 19

Use of Postpartum Derived Cells in the Treatment of
Glaucoma

Glaucoma is a group of eye diseases causing optic nerve
damage. The optic nerve carries images from the retina,
which is the specialized light sensing tissue, to the brain so we
can see. In glaucoma, eye pressure plays a role in damaging
the delicate nerve fibers of the optic nerve. When a significant
number of nerve fibers are damaged, blind spots develop in
the field of vision. Once nerve damage and visual loss occur,
it is permanent. Most people don’t notice these blind areas
until much of the optic nerve damage has already occurred. If
the entire nerve is destroyed, blindness results. Furthermore,
this damage to the optic nerve leads to damage of retinal
ganglion cell elements, which correspondingly lead to loss of
photoreceptors and a subsequent loss of vision. Glaucoma is
a leading cause of blindness in the world, especially in older
people. Thus, if a therapy can be provided, that can either
regenerate new nerve fibers or replace existing ones, the
potential to repair the degenerative process in Glaucoma
exists. In the following example we describe the potential of
umbilicus-derived cells to stimulate the generation of neurons
and oligodendrocytes. The generation of these cell types in
vivo would enable replacement of lost nerve fibers.

Methods & Materials

Adult Neural Stem and Progenitor Cell Isolation:

Fisher adult rats were sacrificed by CO, asphyxiation fol-
lowed by cervical dislocation. Whole brains were removed
intact using bone rongeurs and hippocampus tissue dissected
based on coronal incisions posterior to the motor and soma-
tosensory regions of the brain (Paxinos, G. & Watson, C.
1997. The Rat Brain in Stereotaxic Coordinates). Tissue was
washed in Neurobasal-A medium (Invitrogen, Carlsbad,
Calif.) containing B27 (B27 supplement; Invitrogen),
L-glutamine (4 mM; Invitrogen), and penicillin/streptomycin
(Invitrogen), the combination of which is herein referred to as
Neural Progenitor Expansion (NPE) medium. NPE medium
was further supplemented with bFGF (20 nanograms/millili-
ter, Peprotech, Rocky Hill, N.J.) and EGF (20 nanograms/
milliliter, Peprotech, Rocky Hill, N.I.), herein referred to as
NPE+bFGF+EGF.

Following wash, the overlying meninges were removed,
and the tissue minced with a scalpel. Minced tissue was
collected and trypsin/EDTA (Invitrogen) added as 75% of'the
total volume. DNAse (100 microliters per 8 milliliters total
volume, Sigma, St. Louis, Mo.) was also added. Next, the
tissue/media was sequentially passed through an 18 gauge
needle, 20 gauge needle, and finally a 25 gauge needle one
time each (all needles from Becton Dickinson, Franklin
Lakes, N.J.). The mixture was centrifuged for 3 minutes at
250 g. Supernatant was removed, fresh NPE+bFGF+EGF
was added and the pellet resuspended. The resultant cell
suspension was passed through a 40 micrometer cell strainer
(Becton Dickinson), plated on laminin-coated T-75 flasks
(Becton Dickinson) or low cluster 24-well plates (Becton
Dickinson), and grown in NPE+bFGF+EGF media until suf-
ficient cell numbers were obtained for the studies outlined.

PPDC Plating:

Postpartum-derived cells (umbilicus (022803) P12,
(042103) P12, (071003) P12; placenta (042203) P12) previ-
ously grown in Growth Medium were plated at 5,000 cells/
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transwell insert (sized for 24 well plate) and grown for a
period of one week in Growth Medium in inserts to achieve
confluence.

Adult Neural Progenitor Plating:

Neural progenitors, grown as neurospheres or as single
cells, were seeded onto laminin-coated 24 well plates at an
approximate density of 2,000 cells/well in NPE+bFGF+EGF
for a period of one day to promote cellular attachment. One
day later, transwell inserts containing postpartum cells were
added according to the following scheme:

1. Transwell (umbilicus-derived cells in Growth Media,

200 microliters)+neural progenitors (NPE+bFGF+EGF,
1 milliliter)

2. Transwell (placenta-derived cells in Growth Media, 200
microliters)+neural progenitors (NPE+bFGF+EGF, 1
milliliter)

3. Transwell (adult human dermal fibroblasts [1 F 1853;
Cambrex, Walkersville, Md.] P12 in Growth Media, 200
microliters)+neural progenitors (NPE+bFGF+EGF, 1
milliliter)

4. Control: neural progenitors alone (NPE+bFGF+EGF, 1
milliliter)

5. Control: neural progenitors alone (NPE only, 1 millili-
ter)

Immunocytochemistry:

After 7 days in co-culture, all conditions were fixed with
cold 4% (w/v) paraformaldehyde (Sigma) for a period of 10
minutes at room temperature Immunocytochemistry was per-
formed using antibodies directed against the epitopes listed in
Table 19-1. Briefly, cultures were washed with phosphate-
buffered saline (PBS) and exposed to a protein blocking solu-
tion containing PBS, 4% (v/v) goat serum (Chemicon,
Temecula, Calif.), and 0.3% (v/v) Triton (Triton X-100;
Sigma) for 30 minutes to access intracellular antigens. Pri-
mary antibodies, diluted in blocking solution, were then
applied to the cultures for a period of 1 hour at room tempera-
ture. Next, primary antibodies solutions were removed and
cultures washed with PBS prior to application of secondary
antibody solutions (1 hour at room temperature) containing
blocking solution along with goat anti-mouse 1gG—Texas
Red (1:250; Molecular Probes, Eugene, Oreg.) and goat anti-
rabbit IgG—Alexa 488 (1:250; Molecular Probes). Cultures
were then washed and 10 micromolar DAPI (Molecular
Probes) applied for 10 minutes to visualize cell nuclei.

Following immunostaining, fluorescence was visualized
using the appropriate fluorescence filter on an Olympus
inverted epi-fluorescent microscope (Olympus, Melville,
N.Y.). In all cases, positive staining represented fluorescence
signal above control staining where the entire procedure out-
lined above was followed with the exception of application of
a primary antibody solution. Representative images were
captured using a digital color video camera and ImagePro
software (Media Cybernetics, Carlsbad, Calif.). For triple-
stained samples, each image was taken using only one emis-
sion filter at a time. Layered montages were then prepared
using Adobe Photoshop software (Adobe, San Jose, Calif.).

Quantitative Analysis of Neural Progenitor Differentia-
tion:

Quantification of hippocampal neural progenitor differen-
tiation was examined A minimum of 1000 cells were counted
per condition or if less, the total number of cells observed in
that condition. The percentage of cells positive for a given
stain was assessed by dividing the number of positive cells by
the total number of cells as determined by DAPI (nuclear)
staining.
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Mass Spectrometry Analysis & 2D Gel Electrophoresis:

In order to identify unique, secreted factors as a result of
co-culture, conditioned media samples taken prior to culture
fixation were frozen down at -80° C. overnight. Samples
were then applied to ultrafiltration spin devices (MW cutoff
30kD). Retentate was applied to immunoatfinity chromatog-
raphy (anti-Hu-albumin; IgY) (immunoaffinity did not
remove albumin from the samples). Filtrate was analyzed by
MALDI. The pass through was applied to Cibachron Blue
affinity chromatography. Samples were analyzed by SDS-
PAGE and 2D gel electrophoresis.

Results

PPDC Co-Culture Stimulates Adult Neural Progenitor Dif-
ferentiation.

Following culture with umbilicus- or placenta-derived
cells, co-cultured neural progenitor cells derived from adult
rat hippocampus exhibited significant differentiation along
all three major lineages in the central nervous system. This
effect was clearly observed after five days in co-culture, with
numerous cells elaborating complex processes and losing
their phase bright features characteristic of dividing progeni-
tor cells. Conversely, neural progenitors grown alone in the
absence of bFGF and EGF appeared unhealthy and survival
was limited.

After completion of the procedure, cultures were stained
for markers indicative of undifferentiated stem and progeni-
tor cells (nestin), immature and mature neurons (TuJ1), astro-
cytes (GFAP), and mature oligodendrocytes (MBP). Difter-
entiation along all three lineages was confirmed while control
conditions did not exhibit significant differentiation as evi-
denced by retention of nestin-positive staining amongst the
majority of cells. While both umbilicus- and placenta-derived
cells induced cell differentiation, the degree of differentiation
for all three lineages was less in co-cultures with placenta-
derived cells than in co-cultures with umbilicus-derived cells.

The percentage of differentiated neural progenitors follow-
ing co-culture with umbilicus-derived cells was quantified
(Table 19-2). Umbilicus-derived cells significantly enhanced
the number of mature oligodendrocytes (MBP) (24.0% vs.
0% in both control conditions). Furthermore, co-culture
enhanced the number of GFAP+astrocytes and Tull+ neu-
rons in culture (47.2% and 8.7% respectively). These results
were confirmed by nestin staining indicating that progenitor
status was lost following co-culture (13.4% vs. 71.4% in
control condition 4).

Though differentiation also appeared to be influenced by
adult human fibroblasts, such cells were not able to promote
the differentiation of mature oligodendrocytes nor were they
able to generate an appreciable quantity of neurons. Though
not quantified, fibroblasts did, however, appear to enhance the
survival of neural progenitors.

Identification of Unique Compounds:

Conditioned media from umbilicus- and placenta-derived
co-cultures, along with the appropriate controls (NPE media+
1.7% serum, media from co-culture with fibroblasts), were
examined for differences. Potentially unique compounds
were identified and excised from their respective 2D gels.

Summary:

Co-culture of adult neural progenitor cells with umbilicus
or placenta PPDCs results in differentiation of those cells.
Results presented in this example indicate that the differen-
tiation of adult neural progenitor cells following co-culture
with umbilicus-derived cells is particularly profound. Spe-
cifically, a significant percentage of mature oligodendrocytes
was generated in co-cultures of umbilicus-derived cells. In
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view of the lack of contact between the umbilicus-derived
cells and the neural progenitors, this result appears to be a
function of soluble factors released from the umbilicus-de-
rived cells (trophic effect).

Several other observations were made. First, there were
very few cells in the control condition where EGF and bFGF
were removed. Most cells died and on average, there were
about 100 cells or fewer per well. Second, it is to be expected
that there would be very little differentiation in the control
condition where EGF and bFGF was retained in the medium
throughout, since this is normally an expansion medium.
While approximately 70% of the cells were observed to retain
their progenitor status (nestin+), about 30% were GFAP+
(indicative of astrocytes). This may be due to the fact that such
significant expansion occurred throughout the course of the
procedure that contact between progenitors induced this dif-
ferentiation (Song, H. et al. 2002. Nature 417: 29-32).

The demonstration that postpartum cells derived from
umbilicus tissue can promote the differentiation of neural
stem cells into neurons and oligodendrocytes suggests that
the cells may promote axonal regeneration (see Example 20)
or remyelination. These data suggest that postpartum cells
derived from umbilicus tissue may be protective in glaucoma.
Furthermore, if postpartum cells derived from umbilicus tis-
sue are injected in combination with neural stem cells they
would have the potential to remyelinate lost neural elements
in the retina, which support vision.

EXAMPLE 20

Use of Postpartum-Derived Cells in Optic Nerve
Repair for the Treatment of Glaucoma

Glaucoma is a group of eye diseases causing optic nerve
damage. The optic nerve carries images from the retina,
which is the specialized light sensing tissue, to the brain so we
can see. In glaucoma, eye pressure plays a role in damaging
the delicate nerve fibers of the optic nerve. When a significant
number of nerve fibers are damaged, blind spots develop in
the field of vision. Once nerve damage and visual loss occur,
it is permanent. Most people don’t notice these blind areas
until much of the optic nerve damage has already occurred. If
the entire nerve is destroyed, blindness results. Glaucoma is a
leading cause of blindness in the world, especially in older
people. Thus, if you are able to provide a therapy that can
either regenerate new nerve fibers or replace existing ones,
the potential to repair the degenerative process in Glaucoma
exists. The following Example demonstrates the ability of
umbilicus-derived cells to cause axonal re-growth through a
severed optic nerve head. Such growth in vivo could provide
the level of axonal regeneration required to repair vision loss.

Retinal ganglion cell (RGC) lesions have been extensively
used as models for various repair strategies in the adult mam-
malian CNS. It has been demonstrated that retrobulbar sec-
tion of adult rodent RGC axons results in abortive sprouting
(Zeng et al., 1995) and progressive death of the parent cell
population (Villegas-Perez et al., 1993). Numerous studies
have demonstrated the stimulatory effects of various exog-
enous and endogenous factors on the survival of axotomized
RGC’s and regeneration of their axons (Yip and So, 2000;
Fischer et al., 2001). Furthermore, other studies have demon-
strated that cell transplants can be used to promote regenera-
tion of severed nerve axons (Li et al., 2003; Ramon-Cueto et
al., 2000). Thus, these and other studies have demonstrated
that cell based therapy can be utilized for the treatment of
neural disorders that affect the spinal cord, peripheral nerves,
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pudendal nerves, optic nerves or other diseases/trauma due to
injury in which nervous damage can occur.

Self-assembling peptides (PuraMatrix®, U.S. Pat. Nos.
5,670,483, 5,955,343, US/PCT applications US2002/
0160471, W002/062969) have been developed to act as a
scaffold for cell-attachment to encapsulate cells in 3-D, plate
cells in 2-D coatings, or as microcarriers in suspension cul-
tures. Three-dimensional cell culture has required either ani-
mal-derived materials (mouse sarcoma extract), with their
inherent reproducibility and cell signaling issues, or much
larger synthetic scaffolds, which fail to approximate the
physical nanometer-scale and chemical attributes of native
ECM. RAD 16 (NH2-(RADA) 3-COOH) and KLD (NH2-
(KLDL)3-COOH) are synthesized in small (RAD 16 is 5
nanometers) oligopeptide fragments that self-assemble into
nanofibers on a scale similar to the in vivo extracellular matrix
(ECM) (3D Matrix, Inc Cambridge, Mass.). The self-assem-
bly is initiated by mono- or di-valent cations found in culture
media or the physiological environment. In the protocols
described in this example, RAD 16 was used as a microcarrier
for the implantation of postpartum cells into the ocular defect.
In this example, it is demonstrated that transplants of post-
partum-derived cells PPDCs) can provide efficacy in an adult
rat optic nerve axonal regeneration model.

Methods & Materials

Cells. Cultures of human adult PPDCs (umbilicus and
placenta) and fibroblast cells (passage 10) were expanded for
1 passage. All cells were initially seeded at 5,000 cells/cm? on
gelatin-coated T75 flasks in Growth Medium with 100 Units
per milliliter penicillin, 100 micrograms per milliliter strep-
tomycin, 0.25 micrograms per milliliter amphotericin B (In-
vitrogen, Carlsbad, Calif.). At passage 11 cells were
trypsinized and viability was determined using trypan blue
staining Briefly, 50 microliters of cell suspension was com-
bined with 50 microliters of 0.04% w/v trypan blue (Sigma,
St. Louis Mo.) and the viable cell number, was estimated
using a hemocytometer. Cells were then washed three times
in supplement free-Leibovitz’s [.-15 medium (Invitrogen,
Carlsbad, Calif). Cells were then suspended at a concentra-
tion of 200,000 cells in 25 microliters of RAD-16 (3DM Inc.,
Cambridge, Mass.), which was buffered and made isotonic as
per manufacturer’s recommendations. One hundred microli-
ters of supplement free Leibovitz’s [.-15 medium was added
above the cell/matrix suspension to keep it wet till use. These
cell/matrix cultures were maintained under standard atmo-
spheric conditions until transplantation occurred. At the point
of transplantation the excess medium was removed.

Animals and Surgery:

Long Evans female rats (220-240 gram body weight) were
used. Under intraperitoneal tribromoethanol anesthesia (20
milligram/100 grams body weight), the optic nerve was
exposed, and the optic sheath was incised intraorbitally at
approximately 2 millimeters from the optic disc, the nerve
was lifted from the sheath to allow complete transsection with
fine scissors (Li et al., 2003). The completeness of transsec-
tion was confirmed by visually observing complete separa-
tion of the proximal and distal stumps. The control group
consisted of lesioned rats without transplants. In transplant
rats cultured postpartum cells seeded in RAD-16 were
inserted between the proximal and distal stumps using a pair
of microforceps. Approximately 75,000 cells in RAD-16
were implanted into the severed optic nerve. Cell/matrix was
smeared into the severed cut using a pair of fine microforceps.
The severed optic nerve sheath was closed with 10/0 black
monofilament nylon (Ethicon, Inc., Edinburgh, UK). Thus,
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the gap was closed by drawing the cut proximal and distal
ends of the nerve in proximity with each other.

After cell injections were performed, animals were
injected with dexamethasone (2 milligrams/kilogram) for 10
days post transplantation. For the duration of the study, ani-
mals were maintained on oral cyclosporine A (210 milli-
grams/liter of drinking water; resulting blood concentration:
250-300 micrograms/liter) (Bedford Labs, Bedford, Ohio)
from 2 days pre-transplantation until end of the study. Food
and water were available ad libitum. Animals were sacrificed
at either 30 or 60 days post transplantation.

CTB Application:

Three days before animals were sacrificed, under anesthe-
sia, a glass micropipette with a 30-50 millimeter tip was
inserted tangentially through the sclera behind the lens, and
two 4-5 microliter aliquots of a 1% retrograde tracer-cholera
toxin B (CTB) aqueous solution (List Biologic, Campbell,
Calif.) was injected into the vitreous. Animals were perfused
with fixative and optic nerves were collected in the same
fixative for 1 hour. The optic nerves were transferred into
sucrose overnight. Twenty micrometer cryostat sections were
incubated in 0.1 molar glycine for 30 minutes and blocked in
aPBS solution containing 2.5% bovine serum albumin (BSA)
(Boeringer Mannheim, Mannheim, Germany) and 0.5% tri-
ton X-100 (Sigma, St. Louis, Mo.), followed by a solution
containing goat anti-CTB antibody (List Biologic, Campbell,
Calif.) diluted 1:4000 in a PBS containing 2% normal rabbit
serum (NRS) (Invitrogen, Carlsbad, Calif.), 2.5% BSA, and
2% Triton X-100 (Sigma, St. Louis, Mo.) in PBS, and incu-
bated in biotinylated rabbit anti-goat 1gG antibody (Vector
Laboratories, Burlinghame, Calif.) diluted 1:200 in 2% Tri-
ton-X100 in PBS for 2 hours at room temperature. This was
followed by staining in 1:200 streptavidin-green (Alexa Flour
438; Molecular Probes, Eugene, Oreg.) in PBS for 2 hours at
room temperature. Stained sections were then washed in PBS
and counterstained with propidium iodide for confocal
microscopy.

Histology Preparation:

Briefly, 5 days after CTB injection, rats were perfused with
4% paraformaldehyde. Rats were given 4 cubic centimeters
of'urethane and were then perfused with PBS (0.1 molar) then
with 4% Para formaldehyde. The spinal cord was cut and the
bone removed from the head to expose the colliculus. The
colliculus was then removed and placed in 4% paraformalde-
hyde. The eye was removed by cutting around the outside of
the eye and going as far back as possible. Care was given not
to cut the optic nerve that lies on the underside of the eye. The
eye was removed and the muscles were cut exposing the optic
nerve this was then placed in 4% paraformaldehyde.

Results

Lesions Alone:

One month after retrotubular section of the optic nerve, a
number of CTB-labeled axons were identified in the nerve
segment attached to the retina. In the 200 micrometers nearest
the cut, axons were seen to emit a number of collaterals at
right angles to the main axis and terminate as a neuromatous
tangle at the cut surface. In this cut between the proximal and
distal stumps, the gap was observed to be progressively
bridged by a 2-3 millimeter segment of vascularized connec-
tive tissue; however, no axons were seen to advance into this
bridged area. Thus, in animals that received lesion alone no
axonal growth was observed to reach the distal stump.

RAD-16 Transplantation:

Following transplantation of RAD-16 into the cut, visible
ingrowth of vascularized connective tissue was observed.
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However, no axonal in growth was observed between the
proximal and distal stumps. The results demonstrate that
application of RAD-16 alone is not sufficient for inducing
axonal regeneration in this situation.

Transplantation of Postpartum-Derived Cells:

Transplantation of postpartum-derived cells into the sev-
ered optic nerve stimulated optic nerve regrowth. Some
regrowth was also observed in conditions in which fibroblast
cells were implanted, although this was minimal as compared
with the regrowth observed with the transplanted placenta-
derived cells. Optic nerve regrowth was observed in 4/5 ani-
mals transplanted with placenta-derived cells, 3/6 animals
transplanted with adult dermal fibroblasts and in 1/4 animals
transplanted with umbilicus-derived cells. In situations where
regrowth was observed, CTB labeling confirmed regenera-
tion of retinal ganglion cell axons, which were demonstrated
to penetrate through the transplant area. GFAP labeling was
also performed to determine the level of glial scarring. The
GFAP expression was intensified at the proximal stump with
some immunostaining being observed through the reiner-
vated graft.

Summary:

These results demonstrate that transplanted human adult
postpartum-derived cells are able to stimulate and guide
regeneration of cut retinal ganglion cell axons. Thus, an abil-
ity to promote axonal regeneration from the optic nerve has
the potential to repair a primary defect associated to vision
loss with glaucoma.

EXAMPLE 21

Evaluation of the Ability of Umbilicus-derived Cells
to Protect Photoreceptors in Royal College of
Surgeons Rat Model of Retinal Degeneration

The central unifying aspect of disease progression in all
forms of retinal degeneration is photoreceptor cell death lead-
ing to permanent blindness. With few exceptions such as
retinal trauma, this death is mediated through a process
termed apoptosis or programmed cell death in all of these
diseases.

In order to assess whether application of umbilicus-derived
cells could rescue photoreceptors from apoptosis, umbilicus-
derived cells were transplanted and assessed for their ability
to reduce the number of apoptotic cells in the Royal College
of Surgeon’s rat model of retinal degeneration (RCS). In this
model, a mutation in retinal pigmented epithelial (RPE) cells
leads to build up of the otherwise phagocytosed outer seg-
ments of photoreceptors. As a result of this buildup, photore-
ceptors become uncoupled from RPE and undergo apoptosis.

One of the characteristics of apoptosis is the degradation of
DNA after the activation of Ca/Mg dependent endonucleases.
This DNA cleavage leads to strand breakage within the DNA.
One accepted measure of detecting apoptosis in histological
sections is called TUNEL (terminal deoxynucleotidyl trans-
ferase biotin-dUTP nick end labeling). TUNEL identifies
apoptotic cells in situ by using terminal deoxynucleotidyl
transferase (TdT) to transfer biotin-dUTP to these strand
breaks of cleaved DNA. The biotin labeled cleavage sites are
then detected by reaction with fluorophore-conjugated
streptavidin and visualized using an epifluorescent micro-
scope. In this study, TUNEL labeling was used to assess the
percentage of positive apoptotic photoreceptor cells relative
to total nuclei in the outer nuclear layer.
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Materials and Methods

Cell Transplants:

Frozen vials of previously expanded umbilicus-derived
cells (passage 10) were thawed, washed with PBS, and con-
centrated in Dulbecco’s Modified Eagles Medium (DMEM;
Invitrogen, Grand Island, N.Y.) to 20,000 cells per microliter.
Prior to this, cells were isolated/expanded and cryopreserved
in Growth Medium as previously described in Example 5.

For the transplantation procedure, dystrophic RCS rats
were anesthetized with xylazine-ketamine (1 mg/kg i.p. of the
following mixture: 2.5 ml xylazine at 20 mg/ml, 5 ml ket-
amine at 100 mg/ml, and 0.5 ml distilled water) and their
heads secured by a nose bar. Cells were transplanted using a
fine glass pipette (internal diameter 75-150 micrometers)
trans-sclerally. Cells were delivered via single injections into
the dorso-temporal subretinal space of anesthetized 3 week
old dystrophic-pigmented RCS rats (total N=2/group). As
controls, sets of RCS animals underwent either a sham injec-
tion procedure containing DMEM only or were left untreated.
Congenic, non-dystrophic rats were included as a third con-
trol group to evaluate the level of normal apoptosis in healthy
eyes.

After cell injections were performed, animals were
injected with dexamethasone (2 mg/kg) for 10 days post
transplantation. For the duration of the study, animals were
maintained on oral cyclosporine A (210 mg/LL of drinking
water; resulting blood concentration: 250-300 micrograms/
L) (Bedford Labs, Bedford, Ohio) from 2 days pre-transplan-
tation until end of the study. Food and water were available ad
libitum. Animals were sacrificed at 8 days (dystrophic-un-
treated, dystrophic-sham injected, dystrophic-cell injected,
congenic control) or 67 days postoperatively (dystrophic-
untreated, dystrophic-cell injected) for histological analysis.

Histology:

Animals were sacrificed with an overdose of urethane
(12.5 g/kg). The orientation of the eye was maintained by
placing a 6.0 suture through the superior rectus muscle prior
to enucleation. The cornea and lens were next removed by
cutting around the ciliary body. Eyes were then fixed with
Davidson’s fix containing 22% (v/v) formalin, 33% (v/v)
alcohol, 11% (v/v) glacial acetic acid, and 33% (v/v) water.
After 24 hours, eyes were removed from fix and washed/
retained in PBS for sectioning.

Eye samples were oriented, embedded in OCT (Sakura,
Torrence, Calif.), and cryostat sectioned (10 um). TUNEL
staining was performed using an in situ apoptosis detection
kit whereby fragmented DNA was labeled with TdT and
biotin-dUTP. A streptaviding FITC system was used to visu-
alize labeling. Sections were counterstained with DAPI (10
uM, Invitrogen) to visualize cell nuclei and coverslipped.

Imaging & Analysis:

Tiled images of TUNEL and DAPI stained retina were
taken at 20x using a scanning stage and TURBOSCAN soft-
ware (Media Cybernetics Inc, Bethesda, Md.). ImagePro
Software (Media Cybernetics Inc.) was then used to quanti-
tately analyze the area of DAPI positive nuclei and TUNEL+
nuclei in the outer nuclear layer (ONL) after calibrating
images to square micron area. A minimum of 8 tissue sections
was analyzed per eye and averaged to generate mean+/—
standard deviation values per section. TUNEL+ area was next
divided by DAPI+ area to assess the percentage of nuclei
undergoing apoptosis as determined by TUNEL. Post-hoc
statistic analysis was performed to assess whether treatment
with postpartum cells derived from umbilical tissue signifi-
cantly reduced the number of TUNEL+ figures versus con-
trols (untreated or sham injected). One-tailed, paired t-tests
were performed to evaluate this possibility.



US 9,234,172 B2

87

Results

TUNEL+ area in the photoreceptor specific outer nuclear
layer (ONL) was assessed as a function of DAPI+ area in RCS
animals that were untreated, sham injected, or umbilicus-
derived cell treated at two different timepoints, 8 and 67 days
post injection (post natal day 29 and 88 respectively). Con-
genic-untreated controls at P29 were used to assess the level
of apoptosis in healthy retina. Results of this analysis are
summarized in Table 22-1.

Atpostnatal day 29, congenic eyes had very few TUNEL+
figures (0.2+0.2% of total DAPI+ area) in the ONL, while
16.0£2.3% of the ONL was TUNEL+ in sham injected dys-
trophic rats. umbilicus-derived cell treated animals, however,
exhibited a significant decrease in TUNEL+ area (6.6£0.5%,
p<0.05, vs. dystrophic-sham). This decrease was not seen in
the overall DAPI+ area at this time, suggesting that changes in
apoptotic figures had not had an impact on overall photore-
ceptor number in the ONL at this timepoint.

In contrast, at P88, there was a significant increase in the
DAPI+ area of untreated vs. umbilicus-derived cell treated
animals (p<0.05, dystrophic untreated vs. umbilicus-derived
cell) (Table 22-2). This difference was shadowed by differ-
ences in the percent of TUNEL+ cells (35.9+£9.0% dystrophic
untreated vs. 3.8%=x1.4% in dystrophic-umbilicus-derived
cell treated) indicating that at 67 days post injection, there
was a lasting effect on preservation of photoreceptors in
umbilicus-derived cell treated animals.

Summary:

Decreases in TUNEL+ area, indicative of decreased apo-
ptosis, were observed as early as 8 days post injection and as
late as 67 days following single dose subretinal administra-
tion of umbilicus-derived cells (20,000 cells). This difference
is confirmed by an overall significant increase in the total area
of DAPI+ cells with time in umbilicus-derived cell treated
animals, indicating an overall preservation of photoreceptors
as late as post natal day 88. To briefly summarize, umbilicus-
derived cell treatment has an overall positive effect in the
retina, decreasing the overall TUNEL+ area (and presumable
number of cells). This effect is lasting and maintained at 67
days post injection.

EXAMPLE 22

Evaluation of the Ability of Umbilicus-Derived Cells
to Stimulate RPE Phagocytosis In Vitro

One of the prominent characteristics of retinal pigmented
epithelial cells (RPE) is to phagocytose the shed outer seg-
ments of photoreceptors on a daily basis. This feature is well
characterized and important in maintaining a healthy retina.
However, there are numerous other functions of RPE that are
well described and important to maintaining homeostasis in
the eye (reviewed in Strauss et al., 2005). RPE transport ions,
water, and metabolic products to the blood, they transport
non-endogenous factors as well as secrete endogenous fac-
tors that maintain the integrity of photoreceptors as well as
choriocapillaris. RPE also secrete immunosuppressive agents
that establish immune privilege in the eye. A failure of any
one of these functions can lead to degeneration of the retina,
loss of visual function, and eventually blindness.

There is considerable building evidence to suggest that
defects in RPE ability to perform these functions can trigger
known human diseases like Retinitis Pigmentosa and the dry
form of age-related macular degeneration (AMD) (Gal et al.,
2000; Inana et al., 2005; Inana et al., 2007; Nordgaard et al,
2006; Sundelin et al., 1998; Strauss et al., 2005). There is
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further evidence to support that, while not the initial trigger,
such defects participate in the pathogenesis of other retinal
degenerative diseases like Stargardts, Bests, and Lebers
Amaurosis (Boulton, et al., 2007).

Restoring or augmenting any of these processes may ame-
liorate or prevent the further deterioration of the retina by
minimizing the progression of photoreceptor degeneration.
Doing so would ultimately protect individuals from the pos-
sibility of further blindness.

In this study, the ability of umbilicus-derived cells to aug-
ment phagocytosis was assessed in an in vitro model that
mimics properties of the back of the eye.

Materials and Methods

Cells:

Frozen vials of previously expanded human adult RPE
(ARPE-19, American Type Culture Collection, Manassas,
Va.) or primary human RPE isolated from donor cadaver eyes
(National Disease Resource Interchange, Philadelphia, Pa.)
were plated onto 24 well tissue culture treated plastic plates in
Growth Medium at 20,000 cells/well.

Frozen vials of previously expanded umbilicus-derived
cells (passage 7-10) were thawed, washed with PBS, and
plated into transwells at 10,000 or 30,000/well in Growth
Medium (0.4 um pore size PET track-etched membrane cell
culture inserts, BD Falcon). The transwells were then added
above the existing RPE cultures in the multiwell plate. In
addition, previously expanded human dermal fibroblasts
(passage 7-10, Cambrex, Walkersville, Md.) were used as a
comparison to umbilicus-derived cells.

Co-cultures were maintained at 37deg C., 5% CO, inincu-
bators for 3 days to allow for growth factors to be transferred
across the membrane between postpartum cells derived from
umbilical tissue and RPE cells. After that time, (1) transwells
were either removed and the phagocytosis assay performed,
or (2) transwells were removed and well containing RPE
alone were maintain for 1 or 4 more days by themselves prior
to performing the phagocytosis assay.

Phagocytosis Assay:

This assay was performed utilizing a commercially avail-
able kit (Vybrant Phagocytosis Assay, V-6694, Invitrogen),
designed to provide a model system for quantitating the
effects of drugs or other environmental factors on phagocytic
function. Following removal of transwells, left over media in
bottom of wells was removed and 200 ul of E. coli reagent was
added to each well. This solution contained fluorescently
tagged, heatinactivated E. coli prepared as described in the kit
directions. The plate was placed back in the 37° C. incubator
for 2-3 hours. Following incubation, plates were removed, E.
coli particle solution removed from each well, and trypan
blue (200 pl) added to each well for 1 minute at room tem-
perature to quench any undigested fluorescent £. coli. Next,
trypan blue was removed and wells were washed with PBS
one time. Fresh PBS was added and ingested E. coli was
quantitated by measuring fluorescent activity utilizing a plate
reader (SpectraMax M5, Molecular Devices, limits of exci-
tation 480 nm, emission 520 nm, cutoff 515 nm). Plate reader
results were normalized to media only controls and quantita-
tively represented as percentage of the control cell condition,
RPE alone, where 100% of control would represent equal
levels of phagocytosis between compared conditions.

Results

An analysis of phagocytosis was performed assessing the
ability of umbilicus-derived cells to effect levels of phagocy-
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tosis in cadaveric primary human RPE (age 76 donor) or a
human cell line (ARPE-19, ATCC). Both low passage (pas-
sage 2) primary human RPE and ARPE-19 behaved similarly
when co-cultured with umbilicus-derived cells in this tran-
swell format assay (for a schematic view, see FIG. 1). Umbi-
licus-derived cells stimulated phagocytosis versus RPE alone
in a dose dependent manner after three days co-culture (10,
000 umbilicus-derived cells=approx doubling in amount of
phagocytosed particles; 30,000 umbilicus-derived cells
greater than 2.5 times increase in phagocytosis versus con-
trol) (FIG. 2). These values were statistically significant over
control, hRPE alone (*p<0.05). However, when umbilicus-
derived cells were removed after three days, and the RPE
cultures maintained for another 4 days (7 day assay total),
overall levels of phagocytosis went down to control levels
(FI1G. 2).

In addition, we assessed whether other cell types could
stimulate phagocytosis similar to umbilicus-derived cells. In
particular we examined expanded human dermal fibroblasts
(Cambrex Biosciences, Walkersville, Md.). In contrast to
umbilicus-derived cells treatment, 3 day treatment with
human dermal fibroblasts led to no changes in phagocytosis
above control, RPE alone (FIG. 3, * p<0.05).

Summary:

A dose dependent, significant increase in phagocytosis was
observed after three days co-culture of umbilicus-derived
cells with aged (76 year old donor) primary human RPE or an
expanded human cell line ARPE-19. The transwell assay
performed here suggests that this effect was mediated through
trophic means rather than cell contact. This result was lost
after removal of umbilicus-derived cells for a period of 4 days
further implicating trophic factors in the mechanism of action
since most growth factors are labile and would not be
expected to have an impact after a further four days in culture.
Finally, the observed effect of umbilicus-derived cells on
RPE phagocytosis could not be replicated using human der-
mal fibroblasts suggesting that the effect was cell type spe-
cific. These results suggest that umbilicus-derived cells
secrete growth factors that stimulate phagocytosis in human
retinal pigmented epithelial (RPE) cells.

EXAMPLE 23

Evaluation of the Ability of Umbilicus-Derived Cells
to Rescue Phagocytic Function In Vitro Using Cells
from the RCS Loss of Function Mutant

The details of the RCS model of retinal degeneration are
well described earlier in this patent application. The merTK
defect associated with this model renders these rats incom-
petent to phagocytose the shed outer segments of photorecep-
tors. Previously in Example 22 we have shown the ability of
umbilicus-derived cells to stimulate human RPE phagocyto-
sis in aged, but otherwise healthy RPE or similar cell lines.
Here we tested whether we could rescue this function utiliz-
ing RPE cells from the RCS rodent, a model in which the RPE
have a mutation that severely limits this phagocytic function
and has a known orthologue in humans that causes retinitis
pigmentosa (Gal et al., 2000).

Materials and Methods

Cells:

Primary rat RPE from RCS-dystrophic rats (post natal day
11) were isolated and plated as previously described
(McLaren et al. IOVS 1993:34; 317-326; McLaren 1OVS
1996:37; 1213-1224). They were cultured for one week until
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confluent prior to co-culture with umbilicus-derived cells.
RPE from congenic, healthy rodents were harvested and uti-
lized as a control.

Phagocytosis Assay:

Previously expanded and frozen umbilicus-derived cells
(passage 7-10) were next plated on top of RCS-RPE in a
similar transwell format as in Example 22. Co-cultures (in the
absence of contact between the two cell types) were main-
tained for 24 hours at 37 deg C, 5% CO,. FITC-labeled
photoreceptor outer segments (POS) were next applied to
cultures for 3-6 hours at 37 deg C. Cultures were then ana-
lyzed under an epifiuorescent microscope for ingestion of
FITC-POS at 12.3 hours total assay time post application of
FITC-POS.

Quantitation:

Quantitative analysis of ingested FITC-POS was per-
formed manually as previously described (McLaren et al.
IOVS 1993:34; 317-326; McLaren IOVS 1996:37; 1213-
1224). Briefly, random fields of type I RPE were taken and the
number of ingested particles counted. Control congenic (n=6)
conditions were compared to dystrophic untreated (n=>5) and
dystrophic-umbilicus-derived cells treated (n=5) at 40x
power. Group means were analyzed for differences using a
student’s t-test (*p<0.05). Results shown were normalized to
congenic controls (100%) for visual comparison.

Results

A quantitative analysis photoreceptor outer segment
phagocytosis was performed to evaluate the ability of umbi-
licus-derived cells to stimulate phagocytosis in otherwise
defective RPE from the RCS rat. Normalized to congenic
control levels (normal), dystrophic untreated RPE had a dras-
tic decrease in ability to phagocytose the FITC-POS further
confirming the mutation leading to loss of functionin the RCS
model (25.7% of control) (FIG. 4). However, after 24 hours
co-culture with umbilicus-derived cells, phagocytosis was
restored to normal congenic levels in dystrophic RPE
(119.2% of control, p=0.0015 vs. dystrophic untreated).

Summary:

Inthis study, the ability of umbilicus-derived cells to stimu-
late RPE phagocytosis was assessed. Uniquely, this model
allowed us to evaluate the effect of umbilicus-derived cells
trophic factors on RPE with a defect in a phagocytic gene.
Further, this model allowed us to use the physiologic photo-
receptor outer segments to evaluate phagocytosis. These
results suggest that trophic factors secreted by umbilicus-
derived cells rescue the loss of function inherent in the RPE
cells in the RCS model of retinal degeneration. These results
further implicate umbilicus-derived cells in treating a variety
of'retinal degenerations associated with phagocytic defects in
RPE (Gal et al., 2000; Inana et al., 2004; Inana et al., 2007).

EXAMPLE 24

Attachment of Umbilicus-Derived Cells to Aged
Bruch’s Membrane: Ability to Repopulate
Degenerate Retina and Sustain RPE Cell Survival or
Act Like RPE in the Prevention of AMD

Aging changes occur more prominently in submacular
Bruch’s membrane. Thus, because AMD related changes pre-
dominate in the macular region we sought to examine the
ability of umbilicus-derived cells to survive and grow on
submacular Bruch’s membrane. A demonstration of umbili-
cus-derived cells to attach to submacular membranes would
provide evidence that these cells could survive in this envi-
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ronment in vivo. The attachment of umbilicus-derived cells
would provide a potential to integrate and function like RPE
or alternately provide a matrix platform on which RPE could
repopulate and function.

Previous studies utilizing a Bruch’s membrane explant
model system show that retinal pigment epithelial cells have
limited capacity to survive on aged Bruch’s membrane, even
when a robust fetal cell line is used. These results predict that
RPE transplant in patients, particularly patients with age-
related macular degeneration (AMD), will not be effective. In
fact, combined RPE transplantation and choridal neovascular
membrane excision has been attempted in AMD eyes, but it
has not led to significant visual improvement in most patients.
In contrast, RPE transplantation in animal models of retinal
degeneration has been proved to rescue photoreceptors and
preserve visual acuity. Although animal studies validate cell
transplantation as a means of achieving photoreceptor rescue,
laboratory animals in which RPE transplantation has been
successful do not accurately reproduce the age-related modi-
fications of Bruch’s membrane in human eyes, which may
have a significant effect on cell graft survival.

With normal aging, human Bruch’s membrane, especially
in the submacular region, undergoes numerous changes (e.g.,
increased thickness, deposition of extracellular matrix and
lipids, cross-linking of protein, non-enzymatic formation of
advanced glycation end products). BM thickness appears to
increase linearly with aging. Membranous debris, filamen-
tous material, and coated vesicles accumulate primarily in the
inner collagenous layer by early adulthood and continue to do
so throughout adult life and by late middle age, lipid deposi-
tion in BM is apparent. Basal laminar deposit, which com-
prises mostly wide-spaced collagen and other materials
including laminin, membrane-bound vesicles, and fibronec-
tin, is present in the 7th decade during normal aging. Lipid
accumulation in BM begins to increase significantly after age
40 years.

The results of RPE cell attachment and survival on aged
Bruch’s membrane and similar preliminary data using puta-
tive RPE derived from embryonic stem (RPE-ES) cells indi-
cate poor survival may not be unique to RPE. Additionally,
morphology of RPE-ES indicates that some of the cells may
be dedifferentiating or trans differentiating following seeding
onto Bruch’s membrane. These results indicate the impor-
tance of studying the behavior of postpartum cells derived
from umbilical tissue on Bruch’s membrane to determine
applicability to treating patients with AMD.

Materials and Methods

The external surface of donor human eyes was trimmed to
remove muscle, connective tissue and fat, and the globes were
immersed in 10% povidone iodine briefly. This was followed
by washing in BSS. This was followed by two 10-minute
incubations in Dulbecco’s modification of Eagle’s Medium
(DMEM) containing 2.5 mg/ml amphotericin B. The anterior
segment, vitreous, and the retina are dissected out. Posterior
segments were trimmed to include submacular Bruch’s mem-
brane.

The RPE were gently removed from Bruch’s membrane
without damaging the RPE basement membrane. After dis-
secting out the anterior segment, vitreous, and retina from
donor eyes, submacular RPE was debrided gently using a
microsurgical sponge (Alcon, Fort Worth, Tex.) to create a
surface with intact native RPE basement membrane.

Umbilicus-derived cells were seeded at a density of 3146
cells/mm?® onto the submacular explants. Supplemented
DMEM was changed every other day for 1, 2, 7 or 14 days.
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After culture of postpartum cells derived from umbilical tis-
sue on submacular explants, they were fixed in 2% paraform-
aldehyde and 2.5% glutaraldehyde. Explants were bisected
following minimum overnight fixation and then examined by
light microscopy or scanning electron microscopy (SEM).
SEM image acquisition was performed on a JEOL 35C
equipped with a digital image acquisition system (Gatan Inc.,
Pleasanton, Calif.). SEM analysis focused on comparing sur-
face morphology of the two cells, confirming the presence of
RPE basement membrane, and determining the extent of cell
coverage.

Results

Umbilicus-derived cells survived and grew to confluence
on explants for up to 14 days in vitro (FIG. 5). These results
demonstrated that umbilicus-derived cells can repopulate
aged Bruch’s membrane and thus, providing a potential plat-
form to support RPE repopulation or alternately a replace-
ment for lost RPE.

Summary:

Umbilicus-derived cells can repopulate aged Bruch’s
membrane and thus, provide a potential platform to support
RPE repopulation or alternately a replacement for lost RPE.

EXAMPLE 25

Comparison of Integrin Expression Profiles of
Umbilicus-Derived Cells with RPE

Umbilicus-derived cells and ARPE-19 were analyzed for
the expression of several integrins to determine if umbilicus-
derived cells share similar characteristics to RPE.

Materials and Methods

Single cell suspensions of cultured human umbilicus-de-
rived cells and adult retinal pigment epithelial (ARPE-19)
cells were prepared by detaching cells from culture dishes
with trypsin 0.5%—EDTA solution (Invitrogen, Carlsbad,
Calif). Cells were incubated with FACSFlow Buffer (Becton
Dickinson, Franklin Lakes, N.J.) containing 3% fetal calf
serum (blocking solution) for 30 minutes at 4° C. with one of
the following mouse monoclonal antibodies (Table 25-1): a1,
a2, a3, a4, a5, avp3, a2p1, p1 and a5p1. All washes and
incubations were done in blocking solution at 4° C. Non-
conjugated primary antibody labeled cells were washed and
incubated in PE-conjugated goat anti-mouse secondary anti-
body for 15 minutes. Isotype controls contained cells incu-
bated in PE-conjugated goat anti-mouse secondary antibod-
ies (Table 25-2). At least 10,000 cells were analyzed with a
Becton Dickinson FACSCalibur flow cytometer (Becton
Dickinson, Franklin Lakes, N.I.).

Results

The results demonstrated that umbilicus-derived cells
express several integrins associated with both fetal and adult
RPE (Table 25-1). These results clearly demonstrate that
umbilicus-derived cells express the natural matrix molecules
that would allow them to integrate and adhere to Bruch’s
membrane as was demonstrated in Example 24. Furthermore,
the integrin expression is similar to that previously published
for fetal RPE.

Summary:

These data suggest that umbilicus-derived cells adminis-
tration to the eye may enhance the grafting of an adult RPE
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cell transplantation. Furthermore, the results confirm that
umbilicus-derived cells express the relative cell surface mark-
ers necessary for them to adhere to Bruch’s membrane.

EXAMPLE 26

Effect of Umbilicus-Derived Cell Treatment on
Phagocytosis in Aged Human RPE—Gene
Expression Analysis

Age-related macular degeneration (AMD) affects approxi-
mately fifteen million people over the age of sixty and two
million new cases are diagnosed each year. Those stricken by
this disease experience a decrease in visual function, leading
to blindness.

In this condition, both retinal pigment epithelium cells
(RPE) and photoreceptors are affected. The interaction of the
RPE and photoreceptor outer segments is crucial for the func-
tion and survival of the photoreceptors. Normally, RPE func-
tion to synthesize and secrete complement factor H (CFH) as
well as to ingest and degrade shed photoreceptor outer seg-
ments. Failure of RPE in phagocytosis leads to photoreceptor
cell death, as observed in the Royal College of Surgeons
(RCS) rat (Dowling and Sidman, 1962). In the RCS model, a
mutation in the gene Mertk results in the normal binding of
photoreceptor outer segments but the inability to ingest shed
tips of photoreceptor outer segments. As oxidized shed seg-
ments build up, synthesis and secretion of CFH by RPE is
affected. The role of CFH is to regulate complement activa-
tion. If inhibited, CFH-mediated protection of RPE cells may
be reduced thus leading to the onset of AMD (Chen, 2007).

In order to assess the impact umbilicus-derived cell appli-
cation has on human aged RPE, differences in host gene
expression were examined Human aged RPE were used in
this study for the following reasons: [1] AMD generally
affects people over the age of sixty and [2] evidence suggests
that with age, lipofuscin build-up occurs. Lipofuscin build-up
in the lysosomal compartment of RPE may cause insufficient
synthesis of CFH thus resulting a lack of protection against
complement damage. Therefore, a panel of genes associated
with phagocytosis, proteosomal degradation and inflamma-
tion was established and subsequent gene expression levels
were compared.

Materials and Methods

Human Retinal Pigmented Epithelium (hRPE) Isolation:

The hRPE was dissected from one set of human eyes (75
year old Caucasian female). The donor had no known diag-
nosed eye disease. However, after examining the gross
appearance of the retina and RPE, small retinal hemorrhages
were noted (hallmark characteristic of those affected by
AMD). The eyes were obtained through the National Disease
Research Interchange (NDRI). After removing the sclera
from both eyes, the hRPE was dissected away from the retina.
The hRPE was cut into pieces and enzymatically digested for
30 minutes in a solution containing trypsin (JRH Bioscience),
kynurenic acid (|20 mg], Sigma) and vitrase ([200 units],
ISTA Pharmaceuticals). To further disassociate the tissue,
cells were triturated and then briefly vortexed. To stop the
digestion process, DMEM-low glucose media (Invitrogen,
Carlsbad, Calif.) containing 15 percent (v/v) fetal bovine
serum (FBS; Hyclone, Logan, Utah) was added. After that
cells were forced through a 100 pm nylon cell strainer (BD
Falcon). The resulting solution was then centrifuged for 5
minutes at 250xg. The supernatant was removed and the cells
were resuspended in complete medium containing DMEM-
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low glucose (Invitrogen, Carlsbad, Calif.), 15 percent (v/v)
fetal bovine serum (FBS; Hyclone, Logan, Utah), 0.001%
(v/v) 2-mercaptoethanol (Sigma, St. Louis, Mo.), and peni-
cillin/streptomycin (5,000 Units/mL). Cells were counted
with a hemocytometer and plated (concentration of 1x105
cells/well) into a six-well laminin coated plate (BD Bio-
sciences). The plate was then placed into a 37° C. incubator.

Preparation of Umbilicus-Derived Cells and Co-Culture
Assay:

Frozen aliquots of previously expanded umbilicus-derived
cells (passage 7) were thawed, washed, counted and seeded
(5x10* cells/inserts) into either a 6-well cell culture plate
(Corning) or into cell culture inserts (pore size: 0.4 pm, BD
Biosciences, Franklin Lakes, N.J.). All cells were grown in
the same complete medium as hRPE. The umbilicus-derived
cells inserts were placed directly on top of three wells con-
taining hRPE. The plates were then placed into a 37° C.
incubator for 3 days.

RNA Isolation:

After 3 days, the inserts were removed and all cells (hRPE
and umbilicus-derived cells) were trypsinized, centrifuged,
resuspended and counted. The untreated hRPE and treated
hRPE were lysed by addition of 350 ulL RLT Buffer (RNAe-
asy Mini kit, QIAGEN). The lysate was applied onto a
QIAshredder spin column and placed in a 2 mL collection
tube and then centrifuged for 2 minutes at maximum speed
(18,000 g; Microfuge 18 Centrifuge, Beckman-Coulter
Cat#367160). One volume of 70% ethanol (200 proof, Sigma,
Cat # E7023-500ML) was added to the homogenized lysate
and applied to an RNeasy mini column placed in a 2 mL
collection tube (supplied). The column was centrifuged for 15
seconds at greater than or equal to 8000xg (greater than or
equalto 10,000 rpm). The flow through was discarded. Buffer
RW1 (700 ul) was added to the RNeasy column and centri-
fuged for 15 seconds at greater than or equal to 8000xg
(greater than or equal to 10,000 rpm) to wash the column. The
flow through was discarded. The RNeasy column was trans-
ferred into a new 2 mL collection tube (supplied) and 500 pL.
Buffer RPE was applied to the RNeasy column. The column
was centrifuged for 15 seconds at greater than or equal to
8000xg (greater than or equal to 10,000 rpm). The flow
through was discarded. Another 500 ulL of Buffer RPE was
applied to the RNeasy column and centrifuge for 2 minutes at
greater than or equal to 8000xg (greater than or equal to
10,000 rpm) to dry the RNeasy column. The RNeasy column
was transferred to a new 1.8 mL collection tube (DNA
LoBind tube 1.5 mI 22 43 102-1, Eppendorf AG) and cen-
trifuged in a microcentrifuge at full speed for 1 minute. To
elute the RNA from the RNeasy column, the column was
transferred to a new 1.5 mL collection tube (supplied) and 30
ul RNase-free water was applied. The tube was then centri-
fuged for 1 minute at greater than or equal to 8000xg (greater
than or equal to 10,000 rpm). After centrifugation, the tube
was removed, capped and labeled and then transferred to a
-80° C. freezer.

RNA Quality and Quantification:

The quantity and quality of RNA was determined using
SOFTMAX Pro software on the SPECTRAMAX MS5 spec-
trophotometer (Molecular Devices). Deionized water (dH20)
was used as a blank and was loaded into the first well of a
96-well UV plate (Costar, Corning). Diluted RNA samples
(1:20) were loaded into subsequent wells and the reading was
taken. The RNA concentration was calculated: (ug/ml)=
(OD260)x(dilution factor)x(40 ng RNA/ml). Then 10 pL. of
each diluted RNA sample was loaded into an agarose E-gel
(Invitrogen) along with 10 pL. of Trackh (50 bp DNA ladder,
Invitrogen). Samples were run for 15 minutes. After time had
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expired, images were taken of the gel using the Chemi Doc
XRS camera system (Bio-Rad).

First Strand cDNA Synthesis:

The synthesis of cDNA was performed using the SUPER-
SCRIPT I First-Strand Synthesis System (Invitrogen, Carls-
bad, Calif.,, USA). Reagents were combined and added to
each tube as shown in Table 26-1.

Tubes were then transferred to a Thermal Cycler (Bio-Rad
Cat#170-9703), incubated at 65° C. for 5 minutes and then
cooled to 4° C. Next, 20 ulL of cDNA Synthesis Mix (Table
26-2) was added to each tube. The tubes were then heated to
50° C. for 50 minutes, followed by another 85° C. cycle,
which lasted for 5 minutes, and finally a cooling 4° C. cycle
for 15 minutes. At this time, 1 pl, of RNase H was added to
each tube. The tubes were again incubated for 20 minutes at
37° C. At the end of this cycle, the cDNA synthesis reaction
was used immediately for RT-PCR.

Real-Time Quantitative RT-PCR:

The mRNA levels of the analyzed genes were quantified by
real time RT-PCR. Master mix was made (Table 26-3) and
then pipetted into a Fast Thermal Cycler Optical 96-well plate
(Applied Biosystems).

The RT-PCR reaction was performed using the 7900HT
Fast Real-Time PCR System (Applied Biosystems). Thermal
cycle conditions were as follows: 50° C. for 2 minutes, 95° C.
for 10 minutes followed by 40 cycles of 95° C. for 15 seconds
and 60° C. for 1 minute. At the completion of the reaction, the
data was saved and then analyzed with the SDS 2.2.2 system
software (Applied Biosystems).

Results

Genes Used for Analysis:

The names of the genes that were chosen for this analysis,
their abbreviation, catalogue number and proposed function
in the eye are summarized in Table 26-4. The genes were
chosen based on their importance in functions for RPE.

Real Time RT-PCR:

For the calibration of mRNA expression levels, GAPDH
was selected to serve as the endogenous control. Thus for
analysis, the expression levels of all genes were normalized to
GAPDH.

In this analysis, the gene expression levels of untreated
RPE were compared to umbilicus-derived cell treated RPE
(Table 26-5). In hRPE co-cultured with umbilicus-derived
cells, increases expression in the following genes were
observed: MERTK, CRALBP, INTAV, CATHD and CFH.
(2.8£0.2 co-culture vs. 8.2+0.2 control, *p<0.05). These
increases were seen only after 3 days of co-culture with
umbilicus-derived cells. These results suggest that umbilicus-
derived cell treatment had an impact on the expression of
genes associated with phagocytosis, proteosomal degrada-
tion and inflammation.

Summary:

Current physical treatments fail to improve visual function
for those affected by AMD. Retinal repair may require the
transplantation of healthy cells for the treatment of this dis-
ease. Co-culture ofumbilicus-derived cells on aged hRPE has
shown to impact the expression of genes associated with
phagocytosis, proteosomal degradation and inflammation.

Accumulating evidence suggests that immunological fac-
tors, such as CFH, may play an important role in the devel-
opment of macular degeneration development. It has been
shown in vitro that freshly plated human RPE cells express
high levels of CFH. However, when human RPE cells are
exposed to prolonged incubation with oxidized photorecep-
tors rod outer segments or with pro-inflammatory cytokines
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such as, TNF-alpha and IL.-6, CFH is down regulated (M.
Chen et al, 2006). This study suggests that the co-culture of
umbilicus-derived cells could be used for treatment of macu-
lar degeneration as well as other ocular indications where
phagocytosis or inflammation may be affected.

EXAMPLE 27

Gene Profiling Approach to Identify Potential
Mechanisms by which Umbilicus-Derived Cells
Preserve Vision in the Royal College of Surgeons
Rat Model of Retinal Degeneration

Materials and Methods

Cell Culture for Trophic Factor Secretion:

Umbilicus-derived cells (population doubling 20) was
plated at a seeding density of 10,000/cm? into gelatin-coated
6-well plates in Growth Media as described in the previous
example. After 24 hrs, the culture media was replaced with 1
ml fresh growth media. The supernatant of the culture was
collected at day 1, 3, 7 and saved frozen at -80° C. Cell
number counts were performed for each individual sample.
These culture media were sent to Pierce Biotechnology Inc.
(Worcester, Mass.) for the analysis described below.

ELISA:

ELISA for HGF and IGF followed the instruction from
R&D systems. Briefly, working standards were prepared as
directed in the instruction manual (HGF: 125 pg/m1-4000
pg/ml; IGF: 94 pg/ml-6000 pg/ml). Standards, control, or
sample (50 pl) were added to each well and were incubated
for 2 hours at room temperature for HGF and at 4° C. for IGF.
The plate was washed four times. 200 pl. of HGF or IGF
conjugate was added to each well and incubated for 1.75
hours at room temperature for HGF and for 1 hour at 4° C. for
IGF. The plates were washed for 4 times, then 200 ul. of
Substrate Solution was added to each well and incubated for
30 minutes at room temperature for HGF and IGF. 50 puLL of
stop solution was added to each well. The optical density of
each well was determined using a microplate reader set to 450
nm.
Cell Transplants.

The transplantation procedure has been described above.
Briefly, 20,000 umbilicus-derived cells in 2 pl PBS were
injected into the dorso-temporal subretinal space of anesthe-
tized 3-week old dystrophic-pigmented RCS rats. As con-
trols, sets of RCS animals underwent either a sham injection
procedure containing PBS only, or were left untreated.

After cell injections were performed, animals were
injected with dexamethasone (2 mg/kg) for 10 days post
transplantation. For the duration of the study, animals were
maintained on oral cyclosporine A (210 mg/LL of drinking
water; resulting blood concentration: 250-300 micrograms/
L) (Bedford Labs, Bedford, Ohio) from 2 days pre-transplan-
tation until end of the study. Food and water were available ad
libitum. Animals were sacrificed at day 7, 30 and 60 post
transplantation  (dystrophic-untreated,  dystrophic-cell
injected) for microarray study. Sham-operated animals were
only collected at day 7 post injection

RNA Sample Collection.

Animals were sacrificed at day 7, day 30- and day 60-post
cell transplantation, with an overdose of urethane (12.5 g/kg).
Eyes were extracted from the animals and fixed in RNALater
to prevent RNA degradation. RNA extraction was performed
following Invitrogen Trizol protocol. RNA concentration and
quality were examined by BIO-RAD Experion Bioanalyzer.
From each sample, 2 ng total RNA was used for Affimetrix rat
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230 version 2 chips. Three sets of comparisons were done:
day 7 treated vs. sham; day 30 treated vs. non-treated; day 60
treated vs. non-treated. In each group, three individual
samples were used.

Microarray Analysis:

The RNA samples were sent to Johnson & Johnson Phar-
maceutical Research and Development in La Jolla, Calif.
where the Affymetrix rat chip was used for microarray analy-
sis. The raw microarray data was normalized across the 16
chips using Quantile-Quantile normalization. ANOVA and
Multiple test correction (FDR; p-value<=0.01), two methods
provided in the Partek Pro (St. Louis, Mo.) software, were
used to determine differences between treatment and time
factors after normalization. Differentially expressed genes
were identified for each time point using the t-test method
(p-value less than or equal to 0.05) in conjunction with fold
changes (greater than or equal to 1.5) between the mean
values of each group. With differentially expressed genes
determined, relevant pathway analysis was constructed using
Ingenuity systems (IPA) from Ingenuity Systems (Redwood
City, Calif.).

Results

Gene Profiling Revealed Protected Photoreceptor Func-
tion:

In order to understand the possible mechanisms resulting
in the preserved visual function in the umbilicus-derived cell
treated eyes, we conducted a microarray study to identify the
differentially expressed genes and the canonical pathways in
the treated versus non-treated rat eyes to guide further in vitro
studies. This study was designed to recognize differential rat
gene expression and pathway networks in response to umbi-
licus-derived cell treatment in the eyes. Total RNA was
obtained from treated and non-treated rat eyes at different
time points (Days 7, 30 and 60 post cell transplantation, n=3).
At each time point, the non-treated fellow eyes were used as
controls. Eyes from sham-operated rats were collected at day
7 and were used as controls for Day 7 time point. Standard
hybridization procedures were performed for Affimetrix Rat
230 chip. 23,000 gene expression data were obtained from the
Affimetrix Rat 230 chip. Raw data were normalized across all
chips. 987 genes were differentially expressed in treated eyes
vs. controls with statistic significance (p<0.05). Hierarchical
clustering was performed and the heat map was generated.
The heat map demonstrated that individual sample at the
same time point tends to cluster together, suggesting an evi-
dent time effect for the treatment and at the same time point,
treatment groups differ from the control groups.

Based on the analysis described above, different predomi-
nating gene networks were identified at different time points
after cell transplantation. At day 7, in the analysis of umbili-
cus-derived cell-treated vs. sham-operated eyes, genes
involved in cell proliferation and growth such as FOS,
CSNK1D, and RPS6KA2 were up regulated in cell-treated
eyes, as shown in Table 27-1. FOS is a transcription factor that
regulates cell proliferation in many cell types. Increased FOS
expression has been documented in RPE cells during prolif-
eration. FOS activation is regulated by MAP kinase cascade,
which links the growth factor receptor activation at cell sur-
face to the transcription factor such as FOS in the nucleus.
RPS6K A2, also known as pp907¥, is a kinase involved in the
activation of FOS in the MAPK cascade.

The increased expression of a kinase cascade component-
pp90™* and a down-stream transcription factor—FOS
strongly suggests the impact of umbilicus-derived cells on
cell proliferation in the RCS rat eyes. RPE cell proliferation
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potentially can increase RPE cell number in the retina and
potentially enhance phagocytosis, thus, protect photorecep-
tors from apoptosis, and preserve visual function.

More over, genes involved in insulin-like growth factor
(IGF) pathway, such as IGFBPS, IGF2BP3, were also up-
regulated as shown in Table 27-1. A wide range of biological
processes are modulated by IGF-1 signaling pathway, includ-
ing, for example, cell proliferation, tissue-specific differen-
tiation, and protection against apoptosis. In RPE cells, acti-
vation of IGF cascade is related with reduction of apoptosis-
induced by hydrogen peroxide IGF pathway members such as
IGF1 binding protein (IGFBP)S and IGFBP3 are well docu-
mented to inhibit apoptosis in multiple cell types, including
RPE cells. IGFBPS and IGFBP3 promote the activation of
IGF1 receptor by carrying IGF1 in the circulation and facili-
tating binding between IGF1 and its receptor. The up regula-
tion of IGFBPS and IGF2BP3 in the treated rat eyes demon-
strated that activation of IGF pathway is one of the protection
mechanisms induced by umbilicus-derived cells against cell
death.

Another molecule that umbilicus-derived cells impacted
was TXNL1. TXNL1 is thioredoxin-related protein, a mem-
ber of the thioredoxin pathway, which regulates oxygen stress
and protects cells against oxygen stress-induced cell death.
Oxygen stress stimulation such as hydrogen peroxide treat-
ment induced apoptosis in cultured RPE cells. Thus, the
increased activity of thioredoxin pathway potentially could
release the oxygen stress and protect RPE. Indeed, this path-
way has been shown up regulated in non-apoptotic RPE cell
line compared to apoptosis RPE. At day 7-post cell transplan-
tation, the up-regulation of cell proliferation and protection
against cell death, either by increasing the activity of IGF
signaling pathway or by releasing oxygen stress, paves the
way for preserved photoreceptors in the outer nuclear layer
and preserved visual function in RCS rats.

The predominant anti-apoptosis pathways at day 7 contin-
ued to be the dominant signaling network at day 30 as shown
in Table 27-2. The platelet-derived growth factor C (PDGFC)
is unregulated at day 30 in the cell-treated eyes. PDGFC is a
member of PDGF family. Similar to IGF1, PDGF family
members also demonstrate a broad biological functions in
many cell types, including proliferation and survival.

Down-stream to the PDGF receptor, SH2B was up regu-
lated in the treated eyes. SH2B is a cytoplasmic adaptor
protein that connects the growth factor receptor to the kinase
cascade. The up regulation of both the growth factor PDGFC
and the adaptor protein SH2B demonstrated the impact by
umbilicus-derived cells on this growth factor pathway. The
continuation of the growth factor activation by the initial
treatment demonstrated the long-lasting trophic effect from
umbilicus-derived cells in the treated eyes and correlated with
the retention of umbilicus-derived cells in the eyes.

Pathway analysis from Day 60 data revealed a predominant
phototransduction pathway in the treated eyes (Table 27-3).
The phototransduction pathway is shown in FIG. 6. Briefly,
light activation causes a graded change in cell surface mem-
brane potential. The transmission of the pulses is mediated by
opening or closing of ion channels, which are regulated by
cyclic guanosine monophosphate (cGMP). The series of bio-
chemical changes that ultimately leads to a reduction in
c¢GMP levels begins when a photon is absorbed by the photo
pigment in the receptor disks, which contain proteins called
opsins. One of opsins in rod cells that mediate the molecular
events post light perception is rhodopsin (RHO). When the
retinal moiety in the rhodopsin molecule absorbs a photon, its
configuration changes. This change then triggers a series of
alterations in the protein component of the molecule, and
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leads to the activation of an intracellular messenger called
transducin, which activates a phosphodiesterase that reduces
the concentration cGMP and leads to channel closure at cell
surface membrane (FIG. 6).

Molecules involved in the phototransduction pathway such
as CNGA1, GNAT1, GNB1, RHO, and PDE6B were up
regulated. These genes distributed in the entire photoreceptor
transduction network. Cyclic nucleotide-gated (CNG) ion
channel subunit CNGA1 expression is increased more than 6
fold in the treated eyes and located at photoreceptor outer
segment in the transduction pathway to eventually mediate
the membrane potential pulses in photoreceptors as shown in
FIG. 6. RHO is one of the proteins in opsins, which is a
complex of molecules to receive and process photons from
the light. The up-regulation of RHO suggests preserved light
perception function in rod cells. GNAT1 and GNBlare alpha
and beta units in transducin that couple RHO and cGMP-
phoshodiesterase during visual impulses. The expression of
other visual function regulatory molecules, PDE6B and
ROCKI1, which directly regulate cGMP were also up regu-
lated. Interestingly, the predominating pathway transition
from anti-apoptotic pathway at day 7 and 30 to phototrans-
duction pathway at day 60, suggests a direct impact of umbi-
licus-derived cell treatment on the protection of photorecep-
tors.

Trophic Factors Secreted by Umbilicus-Derived Cells:

From the microarray results, it is evident that umbilicus-
derived cells may play a role in promoting proliferation and
reducing apoptosis at early stage. Additionally, umbilicus-
derived cells may play a role in preventing photoreceptor cell
death, and maintaining phototransduction at later stage. To
determine the cytokines secreted by umbilicus-derived cells
that can impact on proliferation and protection, we looked
into the trophic factors that are secreted by umbilicus-derived
cells in vitro.

From the growth factor analysis, 1L-8, IL-6, HGF, and
IGF-1 are highly secreted by umbilicus-derived cells in vitro
(Table 27-4 and Table 27-5). The pathway analysis described
above has demonstrated the involvement of IGF pathway in
the umbilicus-derived cell treated eyes. Other cytokines that
are secreted by umbilicus-derived cells in vitro include basic
FGF, BDNF, CNTF, NT3 as shown in Table 27-4. The trophic
factor profiles correlated with the findings from microarray.

EXAMPLE 28

Conditioned Medium From Umbilicus-Derived Cells
Protected ARPE-19 From H,O,-induced Apoptosis

Apoptosis may be involved in the development of retinal
degeneration diseases such as RP and AMD. Apoptosis in
photoreceptors is derived from multiple pathophysiologies,
including defects in the process of phagocytosis and oxygen
stress. Studies from animal models have shown a deleterious
effect in photoreceptors and RPE from oxidative damages.
The oxidative damage can form a cycle of cell death initiated
from the rod undergoing apoptosis. The apoptotic rod cells
created environment with increased blood flow and higher
oxygen in the retina, which lead to deterioration of RPE, rods,
and cones, which is the major cell type for vision.

In the previous example, a gene profiling study (Microar-
ray) revealed anti-apoptosis as a key signaling pathway at
early stage post cell transplantation and preservation of pho-
totransduction at later stage. Follow-up trophic factor assess-
ment in the umbilicus-derived cell conditioned media has
confirmed the microarray results and identified several cytok-
ines as anti-apoptotic agents based on literatures. In this
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study, we intend to evaluate if umbilicus-derived cell condi-
tioned media can protect RPE cell line from apoptosis
induced by hydrogen peroxide (H,0,) and to develop a cell-
based apoptosis assay.

Materials and Methods

Umbilicus-Derived Cell Culture for Conditioned Media
Collection:

Frozen vials of previously expanded umbilicus-derived
cells (population doubling 20) were plated at 5,000 cells/cm>
on T75 flasks in Growth Medium as described above. The
flasks were incubated in a 37° C. incubator for 24 hours. The
supernatant of the culture was collected after 24 hour culture,
and saved frozen at -80° C. or applied to ARPE cultures
immediately.

ARPE-19 Culture:

Frozen vials of previously expanded ARPE-19 cells (CRL-
2502, American Type Culture Collection, Manassas, Va.)
were seeded onto 24-well plates in Growth Medium at 40,000
cells/well or in 96-well plate at 5000/well for 24 hours. Cells
were washed with PBS and treated with media containing
H,0,.

H,O, Treatment:

H,O, was prepared by adding H, O, at different concentra-
tions (0, 0.125 mM, 0.25 mM, 0.5 mM, 1.0 mM, 1.2 mM) to
the growth media (GM) or conditioned media (CM) from
umbilicus-derived cell culture. ARPE-19 were cultured in
H,0, containing media for 0, 0.5 hr, 1 hr, 2 hr, 3 hr, then the
H,0, media was removed and cells were used for further
apoptosis assays.

For Annexin V assay, ARPE-19 cells were treated with
wither growth media or conditioned media for 24 hours
before assessment of apoptosis.

Colometric Apoptosis Assay:

The apoptosis assay was performed according to the
instruction in the Cell Death Detection ELISAplus kit from
Roche (Cat #11 774 425 001). Briefly, the cells still attached
to the plate was lysed and incubated with an antibody against
histone to pull histone from the whole lysates. Another anti-
body, linked with HRP, recognizing the DNA fragments will
be used to identity the DNA components within the histone
section. The apoptotic complex of histone and DNA frag-
ments will be recognized by HRP substrates.

Annexin V Apoptosis Assay:

After a 24 hour incubation period, the culture medium was
removed and the plate was washed with PBS. Trypsin (Gibco)
was added to dislodge the cells from the individual wells. The
culture medium from each well and the trypsinized cells from
each respective well were combined and centrifuged at 250xg
for 5 minutes and the pellet was resuspended in 404 cold 1x
Nexin buffer. Five microliters Annexin V-PE and 5 ul. Nexin
7-AAD were added to each sample and the mixture was
vortexed and incubated shielded from light at 4° C. for 20
minutes. Following incubation, 450 pl. of cold 1x Nexin
buffer was added to each sample and the suspension was
vortexed. The stained samples were loaded onto the Guava
Personal Cytometer and were acquired and analyzed accord-
ing to the Guava Personal Cytometer User’s Guide.

Results

Time- and Dose-Dependent Apoptosis Induction by H,O,
in ARPE-19 Cells:

H,0, induced apoptosis in a time- and dose-dependent
manner. Apoptosis measured by DNA fragments associated
with histones was determined using ELISA. When ARPE-19



US 9,234,172 B2

101

cells were treated with a series of concentrations of H,O,
from 0.25 mM to 1.2 mM, DNA fragmentation was at 1-fold
of negative control (0 mM) at 0.5 mM and was increased to
2.6-foldand 3.3 fold at 1 mM and 1.2 mM respectively, shown
in FIG. 7.

In a separate experiment, apoptosis was measured by mea-
suring the percentage of Annexin V(+) cells in the population.
One of the early events during apoptosis process is the expo-
sure of a phospholipid-like phosphatidylserine (PS) to the cell
surface membrane. Annexin V is a molecule that can bind to
PS on the cell surface. Using this feature, apoptotic cells can
be detected by staining the cell surface with Annexin V. The
percentage of cells in the population that are either in the early
stages of apoptosis or the later stages of apoptosis was deter-
mined by measuring changes in cell membrane permeability
to the DNA dye 7-AAD. At the early stages of apoptosis,
when the cell membrane is still intact, 7-AAD is unable to
penetrate the cell membrane and will be negative. Therefore
early apoptotic cells are typified as being Annexin V(+) and
7-ADD(-). At later stages of apoptosis, when the cell mem-
brane integrity fails, and can be penetrated by 7-ADD, the
apoptotic cells are demonstrated as Annexin V(+) and
7-ADD (+).

Early apoptotic cells, as determined by the percentage of
cells that were Annexin V(+) and 7-AAD(-) increased with
the concentration of H,0,. At 0.125 mM H,O,, the percent-
age of cells that were Annexin V(+) and 7-AAD(-) was 8%.
This increased to 18% at 0.25 mM H,O, and reached a maxi-
mum at 34% at 0.5 mM H,0O,. Similarly, total apoptotic cells,
as determined by measuring the total Annexin V(+) cells in
the population was 16% at 0.125 mM H,O,, that increased to
27% at 0.25 mM H,O,. The erect of H,O, on the total number
of apoptotic cells was maximal at 0.5 mM H,O, (FIG. 8).
When ARPE-19 was treated at 1.2 mM but with different
incubation time, a time course effect was evident. DNA frag-
mentation reached its plateau by 1 hr, about 3.3-fold versus 0
hr incubation, and remained at this level to 3 hrs as shown in
FIG. 9.

Umbilicus-Derived Cell Conditioned Media Reduced
Apoptosis Both Dose- and Time-Dependently:

The DNA fragmentation induced by H,O, was decreased
when cells were treated with conditioned media from umbi-
licus-derived cells. DNA fragment levels at different doses
and different incubation time in conditioned media were
maintained at the similar level as the negative control from
0.25 mM to 1.2 mM (0.5-fold to 1.5-fold vs. control), shown
in FIGS. 7 and 9.

Similar results were seen using the Annexin V assay. Early
apoptosis events and total apoptotic cells were reduced in
umbilicus-derived cell conditioned media-treated ARPE-19
cells at 0.25 mM, 0.5 mM, and 1.0 mM as shown in FIG. 8.

These results confirmed the findings in literature that H,O,
is a potent stimulator of apoptosis for RPE cells. Most impor-
tantly, conditioned media from umbilicus-derived cells
reduced apoptosis measured by both DNA fragmentation and
Annexin V positivity. The dose- and time-dependent inhibi-
tion of apoptosis by the conditioned media strongly suggests
that cytokines secreted by umbilicus-derived cells can rescue
RPE cells from oxygen stress-induced apoptosis.

EXAMPLE 29

Preservation of Multiple Cell Types in the Retina of
a Preclinical Model of Retinitis Pigmentosa

The Royal College of Surgeons (RCS) rat is a preclinical
model of retinitis pigmentosa in which there is progressive
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degeneration of the rod and cone photoreceptors resulting
from a specific defect in the retinal pigmented epithelial cells
(RPE). In this model, a mutation in the allele of the gene for
the receptor tyrosine kinase Mertk results in an inability of the
RPE to phagocytose shed rod outer segments (ROS). This
defect results in apoptotic photoreceptor cell death, beginning
around post-natal day 20 (P20), and by P60 the outer nuclear
layer (ONL) of these animals, which contains the photore-
ceptor cell nuclei, is only 1-2 layers in thickness.

Umbilicus-derived cells are an allogeneic cell type with
potential for cell therapy applications. Umbilicus-derived
cells are obtained from an ethical cell source and can be
readily expanded to yield at least 1x10"” cells from a single
donor without karyotypic or phenotypic changes. A single
dose of 20,000 umbilicus-derived cells into the subretinal
space of RCS rats can preserve visual function as assessed by
the use of electroretinogram, optomoter and luminance
threshold testing (See, for example, Lund et al. 2007). Umbi-
licus-derived cells have also demonstrated superior efficacy
in preserving visual function compared to two other alloge-
neic expandable tissue-derived cell types; placental-derived
cells and human bone marrow mesenchymal stem cells
(hMSC) (Lund etal. 2007). Furthermore, anatomical analysis
demonstrated that umbilicus-derived cells at 80 days post cell
injection can preserve 4-5 layers of cell nuclei in the outer
nuclear layer (ONL) of the subretinal space compared to
sham or untreated controls which at the same time point only
have 1 layer of cells retained in the ONL.

While histology has been used to visualize the effects of
umbilicus-derived cell therapy on the retina, it has been
mostly anecdotal in nature and not quantitative. The goal of
this study was to use quantitative morphometry to character-
ize the preservation of various cell types in the retina impor-
tant in rod photoreceptor connectivity and signaling follow-
ing subretinal umbilicus-derived cell administration in RCS
rats.

Materials and Methods

Animals:

Experiments were performed on male and female pig-
mented dystrophic RCS rats (rdy-/p-), which were individu-
ally housed with a 12-hour light/dark cycle at the Moran Eye
Center (University of Utah, Salt Lake City, Utah). All proce-
dures were approved and monitored by the University of Utah
Institutional Animal Care and Use Committee and have been
conducted in accordance with the Policies on the Use of
Animals and Humans in Neuroscience Research, revised and
approved by the Society for Neuroscience in January 1995.
Therats weighed approximately 30-40 grams at age of dosing
(post-natal day 21). Food and water were available ad libitum.

Preparation of Donor Cells:

Human umbilical cords were obtained with donor consent
following live births from the National Disease Research
Interchange (Philadelphia, Pa.) and umbilicus-derived cells
were isolated, tested and cryopreserved as described in
Examples 1-5 above. Prior to injection, umbilicus-derived
cells were thawed rapidly in a 37° C. water bath, washed
twice in sterile PBS and resuspended at a final concentration
of 1x10* cells/pL.

Injection Procedure:

On Day 0 (post-natal Day 21) the rats received a subretinal
injection of 20K umbilicus-derived cells in a volume of 2 pul..
RCS rats were anesthetized with an intraperitoneal injection
of xylazine-ketamine (1 mg/kg of the following mixture: 2.5
ml xylazine at 20 mg/ml, 5 ml ketamine at 100 mg/ml, and 0.5
ml distilled water). 20K umbilicus-derived cells were
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injected through a fine glass pipette (internal diameter 75-150
um) into the eye through a small scleral incision. The incision
was closed with a small suture after injection was completed.
All animals received daily dexamethasone injections (1.6
mg/kg, ip.) for 2 weeks post-injection, and received
cyclosporine-A (Bedford Labs, Bedford Mass.) administered
in the drinking water (210 mg/L; resulting blood concentra-
tion: 250-300 pg/L) from 1-2 days prior to cell injection until
euthanasia. Rats were sacrificed at the following time points
after surgery: 1, 7, 14, 30 and 60 days. Euthanasia was per-
formed by anesthesia with a ketamine:xylazine: acepro-
mazine mixture, followed by exsanguination.

Collection of Eyes and Extraction of RNA for RT-PCR:

Following euthanasia, the eyes were extracted and placed
in RNAlater solution (Ambion, Austin, Tex.). All eyes were
keptat 4° C. in RNAlater solution for up to 3 days, then stored
at —80° C. until processing. Eyes were placed in Lysing
Matrix tubes (Qbiogene, Carlsbad, Calif.) containing 1.4 ml
Trizol (Invitrogen, Carlsbad, Calif.) and centrifuged in a Fast
Prep FP120 homogenizer (Qbiogene, Carlsbad, Calif)) at
speed #6 for 45 sec. The supernatant was transferred to a S ml
round bottom tube. Trizol (2-4 ml) was added to the superna-
tant and samples were then centrifuged at 9000 rpm for 10
min. Chloroform (2-3 ml) was added to the supernatant and
incubated at room temperature then centrifuged at 9000 rpm
for 10 min at room temperature. Isopropanol (3-4 ml) was
added to the supernatant to precipitate total RNA. The RNA
pellet was obtained by centrifuging at 9000 rpm for 10 min.
The pellet was washed with 70% ethanol and air-dried at
room temperature, then resuspended in 100 ul RNase-free
water and stored at —=80° C. The RNA quality and quantity was
analyzed using the Experion automated electrophoresis sys-
tem (Bio-Rad Laboratories, Hercules, Calif.).

2-Step RT-PCR:

First-strand ¢cDNA synthesis was performed using the
First-Strand ¢cDNA Synthesis Kit (Invitrogen, Carlsbad,
Calif.). Briefly, 10 ng total RNA was mixed with 2 pl oligo
(dT)20 (50 uM) and 2 pl ANTP (10 mM), incubated at 65° C.
for 5 min, then added 4 pl 10x reaction buffer, 8 pl 25 mM
MgCl12, 4 pl 0.1M DTT, 2 pl RNaseOUT and 2 pl SUPER-
SCRIPT II RT enzyme, incubated at 50° C. for 50 min, and
85°C. for 5 min. Template RNA was removed by addition of
1 pl RNase H for 20 min at 37° C. Real-time PCR was
performed on the 7900HT Fast Real Time PCR System (Ap-
plied Biosystems, Foster City, Calif.) using human 3-2 micro-
globulin (hp2M) TAQMAN Gene Expression Assay with the
TAQMAN Fast Universal PCR Master Mix (Applied Biosys-
tems, Foster City, Calif.). All samples were analyzed in trip-
licate. RNA standards were run alongside samples for quan-
titation of the number of cells present in injected eyes. To
generate RNA standards, eyes from Sprague-Dawley rats
were collected as described above. The eyes were injected
with 160, 800, 4K, 10K, and 20K umbilicus-derived cells
(n=3). RNA extraction and two-step real-time RT-PCR was
performed as described above. The threshold cycle value was
obtained and analyzed against the injected cell numbers.

Collection and Processing of Eyes fro Histology:

Following euthanasia, the rat was flushed with phosphate
buffered saline under low pressure via the aorta. The eyes
were carefully removed, and surrounding tissue from the eye
trimmed. Both the right and the left eye from each animal
were collected and immersed in Pen-Fix fixative (Richard
Allan Scientific) for 24-48 h. After fixation, the eyes were
processed for histology including dehydration, clearing in
xylene and infiltration with paraffin. Each eye was specifi-
cally oriented during embedding in paraffin: the superior pole
of the eye was embedded down in the paraffin block and the
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suture marking the injection site rotated in a clockwise man-
ner until it was approximately in the 3 o’clock position on the
globe. This orientation was maintained during embedding.
This resulted in the injection site residing approximately in
the central plane of the eye for the majority of the eyes
processed. For injected eyes, collection of 5 nm sections
began after facing into the block until the suture marking the
injection site is identified on a stereomicroscope (FIG. 10). If
no suture was identified, the eye was excluded from further
analysis, as was its uninjected counterpart (left eye from same
animal). If the suture was identified after sectioning through
the central plane of the eye and it was determined that it
resided near the pole of the eye, it was excluded from further
analysis, as was its uninjected counterpart. For uninjected
eyes, sectioning began after the area/depth of interest is iden-
tified in the injected (right) eye. The corresponding unin-
jected (left) eye from the same animal was sectioned to a
similar depth, collecting sections from approximately the
same area of the eye.

Antibodies:

The following antibodies were used for immunohis-
tochemistry: rabbit-anti-Rhodopsin (Chemicon), rabbit anti-
Calretinin (Chemicon), rabbit anti-Recoverin (Chemicon),
mouse-anti-human nuclear matrix antigen (NuMA, Calbio-
chem). Antibodies for secondary detection were biotinylated
anti-rabbit (Chemicon), and biotinylated goat-anti-mouse
(Jackson Immunoresearch).

Immunocytochemistry:

Sections for IHC staining were incubated for 1 hrat 59° C.
followed by deparaffinization through a series of changes in
xylene, 100% alcohol, 95% alcohol, and water on a TISSUE
TEK® DRS™ 2000 Slide Stainer (Sakura, Torrance, Calif.).
Slides were rinsed with tap water for approximately 5 min-
utes. All immunohistochemical staining was performed on
the 16000™ Automated Staining System (BioGenex, San
Ramon, Calif.). Antigen retrieval was performed when nec-
essary using a Decloaking Chamber (BioCare Medical, Con-
cord, Calif.) and Reveal HIER Solution (BioCare Medical) or
microwaved using Antigen Retrieval Citra Solution (Bio-
Genex). Endogenous activity of peroxidase and antigenic
sites were blocked and normal goat serum (BioGenex)
reduced background staining due to non-specific binding of
the primary or secondary antibody. Sections were incubated
with primary antibody at room temperature, detection of the
bound primary is achieved by the addition of a biotinylated
secondary antibody+peroxidase-conjugated streptavidin
(BioGenex) and peroxidase activity was made visible with
diaminobenzidine (DAB) (BioGenex). Counterstaining with
Mayer’s Hematoxylin (BioGenex) for 1 min.

Image Acquisition and Analysis:

A Nikon Eclipse E800 (Nikon Corporation, Tokyo, Japan)
microscope was equipped with an Evolution™ MP 5.0 RTV
color camera (Media Cybernetics, Inc. Silver Spring, Md.),
interfaced with an IBM computer (International Business
Machines Corporation, Armonk, N.Y.) running Windows
2000 (Microsoft Corporation, Redmond, Wash.). Images
were captured and analyzed using Image-Pro Plus software
version 5.1 (Media Cybernetics, Inc. Silver Spring, Md.).
Microsoft Excel 2000 (Microsoft Corporation, Redmond,
Wash.) and GraphPad Prism version 4.03 (GraphPad Soft-
ware, Inc. San Diego, Calif.) were used to interpret, analyze
and graph the raw data. SigmaStat Statistical Software ver-
sion 2.03 (SPSS, Inc. Chicago, Ill.) was used to perform
statistical analysis on the collected data. Using the Auto-Pro
tool within the Image-Pro Plus software, custom written mac-
ros were used to perform the analysis consistently.



US 9,234,172 B2

105

Morphometry of Day 60 Eyes:

Three umbilicus-derived cell injected and three control
(uninjected) eyes from the day 60 group (4 animals) were
imaged and analyzed with morphometry. The images cap-
tured were 24-bit RGB images, 2560x1920 pixels in size,
with a resolution of 300x300 dots/inch. The images were
captured with a 60x objective Nikon lens. No imaging or
analysis was performed on areas of the retina that were torn,
damaged, folded or missing.

Measurement of Area of Outer Nuclear Layer (ONL) Per
Length:

From each eye, three hematoxylin and eosin (H&E) stained
sections, each separated by 20 nm in depth were imaged and
analyzed for the ONL measurements. The areas where the
images were collected were defined as regions 1 and 2.
Region 1 is an area near the injection site and region 2 is an
area away from the injection site. Up to ten images (five from
each region) were collected from each section. Using Image-
Pro Plus, the ONL was selected as the area of interest (AOI).
The AOI was extracted and transformed into an 8-bit gray-
scale image, referred to as a mask. Area and length (to nor-
malize the data) of the ONL were measured and used to
calculate the area per length of the ONL for each image.

Measurement of Amount of Rhodopsin Immunostaining in
the Neuroepithelial Layer:

One section per eye immunohistochemically stained for
rhodopsin was imaged and analyzed. The area where the
images were collected was defined as region 1, an area near
the injection site. Up to eight images were collected from
each section. Using Image-Pro Plus, the saturation channel of
the color model HSI was extracted from the RGB image.
Using various acquired images with mixed saturation levels,
a threshold was set to the most intensely stained colors or the
most dominant hues. This set threshold was used to analyze
each image. The AOI was defined as the neuroepithelial layer
in each image. The measurement calculated for each image
was the percent area of the AOI that was within the set thresh-
old.

Measurement of Area of the Calretinin Immunostaining
Per Length:

One section per eye, immunohistochemically stained for
calretinin was imaged and analyzed. The area where the
images were collected was defined as region 1, an area near
the injection site. Up to eight images were collected from
each section. Using Image-Pro Plus, three AOIs were defined
as: all recoverin-positive areas, the inner nuclear layer and the
outer ganglion cell layer (each analysis was performed sepa-
rately) and were extracted from the image and transformed
into an 8-bit grayscale image, referred to as a mask. Area and
length (to normalize the data) of the calretinin staining were
measured and used to calculate the area per length of the
calretinin staining for each image.

Measurement of Area of the Recoverin Immunostaining
Per Length:

One section per eye, immunohistochemically stained for
recoverin, was imaged and analyzed. The area where the
images were collected was defined as region 1, an area near
the injection site. Up to eight images were collected from
each section. Using Image-Pro Plus, three AOIs were defined
as: all recoverin-positive areas, the inner nuclear layer and the
outer nuclear layer (each analysis was performed separately).
Each AOI was extracted from the image and transformed into
an 8-bit grayscale image, referred to as a mask. Area and
length (to normalize the data) of the recoverin staining within
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each AOI was measured and used to calculate the area per
length of the recoverin staining for each image.

Results

Identification of Umbilicus-Derived Cells in Day 1 Post
Injection:

Umbilicus-derived cell injected (right) eyes from day 1
post-injection were sectioned for the purposes of identifying
injected umbilicus-derived cells to confirm their placement in
the eye. Using this method, injected human cells were posi-
tively identified using immunohistochemistry for human
nuclear matrix antigen (NuMA, FIG. 12).

Umbilicus-Derived Cell Retention in the RCS Rat Eyes:

Umbilicus-derived cell retention in the RCS eyes was
investigated using RT-PCR for a human-specific antigen, 2
microglobulin (32M) mRNA. Total RNA from injected eyes
was amplified using $2M specific primers. Values are con-
verted to cell number using a standard curve generated using
total RNA isolated from eyes injected intravitreally with
known numbers of umbilicus-derived cells. Despite variabil-
ity between specimens, eyes at all time points had detectable
levels of p2M mRNA. This indicated that the umbilicus-
derived cells were retained in the RCS eye through the course
of'the study, although the cell number decline substantially by
Day 60, with only approximately 10% of the injected cells
detected (FIG. 13).

Morphometry of the Outer Nuclear Layer:

Hé&E-stained sections of both control (uninjected) and
umbilicus-derived cell-injected eyes from the following time
points were examined: 7, 14, 30 and 60 days post-injection
(FIG.14). The earliest time point in which ONL degeneration
could be detected in control eyes was Day 30. At this time
point, the effect of umbilicus-derived cell injection was
subtle. However, at Day 60, the effect of umbilicus-derived
cell injection was evident. In control eyes, the ONL had
thinned to a discontinuous layer 1-2 nuclei in thickness. In the
eyes that had received a subretinal injection of umbilicus-
derived cells, the ONL was approximately 3-4 nuclei in thick-
ness near the injection site region, looking comparable to the
ONL in the Day 30 specimens. This suggested a preservation
of'the ONL by umbilicus-derived cells.

Eyes from day 60 post-injection were evaluated for the
effect of umbilicus-derived cells on outer nuclear layer
(ONL) thickness, as a measure of photoreceptor rescue.
Images were taken at 60x magnification from two regions of
the retina, near and far from the injection site in H&E stained
sections (see FI1G. 11). Two eyes were excluded from analysis
due to poor morphology and loss of the majority of the retina,
presumably caused by inadequate fixation. The ONL was
visibly thicker in umbilicus-derived cell injected eyes com-
pared with control (uninjected) eyes in both regions examined
(FIGS. 15A-D). Analysis of the images using morphometry
supported this observation: the area per length occupied by
ONL nuclei was 7.5 times higher near the injection site, 2.6
times higher in areas far from the injection site in umbilicus-
derived cell injected eyes compared with control eyes, and 5
times higher overall when the results from both regions were
combined, suggesting that the umbilicus-derived cells are
preserving photoreceptors in the RCS rat (FIGS. 15E and F).
This also shows that the effect is greatest local to the injection
site, however there is an overall effect of umbilicus-derived
cell injection.

Image Analysis of Rhodopsin Immunostaining:

Eyes from day 60 post-injection were evaluated for the
effect of umbilicus-derived cells on expression of rhodopsin
using immunohistochemistry and image analysis. As with the



US 9,234,172 B2

107

ONL analysis, a visible difference could be seen in the level
of rhodopsin immunostaining in umbilicus-derived cell
injected eyes compared with control eyes (FIGS. 16 A and B).
Images at 60x magnification were acquired from regions near
the injection site of these eyes. For quantitation of rhodopsin
immunostaining, the saturation channel of the color model
HSI was extracted from the RGB image. Saturation refers to
the dominance of hue in the color. A dominant hue is consid-
ered a pure color and a less dominant hue is a lighter shade of
a pure color, for instance pink is red with a low degree of
saturation or dominance. The saturation value, or amount of
rhodopsin staining, translates to how densely packed the rods
and cones are within the neuroepithelial layer. A highly satu-
rated area is most likely an area of tightly packed rods and
cones. Near the injection site region, the rhodopsin immun-
ostaining was 10 fold higher in umbilicus-derived cell
injected eyes compared with controls (FIG. 16C), translating
to more densely packed rod outer segments containing
rhodopsin and indicating preservation of rod photoreceptors.

Image Analysis of Calreticulin Immunostaining:

Eyes from day 60 post-injection were evaluated for the
effect of umbilicus-derived cells on expression of calretinin
using immunohistochemistry and image analysis. Unlike the
ONL and rhodopsin immunostaining, there was not a marked
difference visible in the images of calretinin immunostaining
in control and umbilicus-derived cell injected eyes, however
upon quantitation there was a small but statistically signifi-
cant difference between the two groups. Images at 60x mag-
nification were acquired from regions near the injection site
of these eyes (FIGS. 17A and B). Quantitation of calretinin
immunostaining was performed in the following layers: inner
nuclear layer (INL), inner plexiform layer (IPL) and retinal
ganglion cell layer (GCL) together, and the INL. and GCL
individually. Near the injection site region, overall calretinin
immunostaining in all 3 layers was 1.2 fold higher in umbi-
licus-derived cell injected eyes compared with controls. In the
GCL, there was no difference between control eyes and umbi-
licus-derived cell-injected eyes, however there was a 1.5 fold
increase in calretinin immunostaining in the INL of umbili-
cus-derived cell-injected eyes compared to controls (FIGS.
17C and D), indicating preservation of calretinin-expressing
cells in the INL.

Image Analysis of Recoverin Immunostaining:

Eyes from day 60 post-injection were evaluated for the
effect of umbilicus-derived cells on expression of recoverin
using immunohistochemistry and image analysis. Images at
60x magnification were acquired from regions near the injec-
tion site of these eyes (FIGS. 18A and B). Quantitation of
recoverin immunostaining was performed on the inner
nuclear layer (INL) and the outer nuclear layer (ONL). Near
the injection site region, the recoverin immunostaining was 2
fold higher in the INL and 7.9 fold higher in the ONL of the
umbilicus-derived cell injected eyes compared with controls
(FIGS. 18C and D), indicating preservation of recoverin-
expressing cells.

DISCUSSION

Umbilicus-derived cell injection into the subretinal space
of RCS rats has been demonstrated to sustain visual function
for several months after injection into the subretinal space of
RCS rats (Lund et al. 2007). It has also been shown to pre-
serve photoreceptor nuclei in the ONL, however this was not
done quantitatively. The goal of this study was to quantitate
the effects of umbilicus-derived cell injection on the retina
using morphometry. To analyze both ONL thickness as well
as quantitation of various retinal cell types using immunohis-
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tochemistry, it was crucial to orient the eyes identically in the
paraffin block. Additionally, it was necessary to obtain sec-
tions near the midline/central plane of the eye, so that the
retinal layers to be analyzed would not appear artificially
thick due to taking a slice through the curvature of the eye.
Great care was taken to attain both of these requirements. By
using such a careful approach in maintaining orientation of
the eyes during processing, embedding and sectioning, the
location of the injection site region was known in every eye.

Only the 60 days post-injection time point in this study was
selected for morphometric analysis, as this time point clearly
showed an effect of the injected hUTC on ONL thickness in
H&E stained sections. The effect of hUTC injection on the
ONL was evaluated morphometrically. The ONL contains the
cell bodies of the photoreceptor cells, and is ordinarily packed
with nuclei arranged in 10-12 rows. In retinal degenerative
diseases such as retinitis pigmentosa, photoreceptor cell
death results in a thinning of the ONL to approximately 1
layer of nuclei in thickness. There was a visible difference in
ONL thickness between control (uninjected) and umbilicus-
derived cell injected eyes 60 days post-injection, and this
difference was supported morphometrically. Areas both near
and far from the injection site were significantly increased in
umbilicus-derived cell injected eyes, suggesting umbilicus-
derived cell injected animals preserved greater numbers of
nucleated cells in the ONL compared with control animals,
thus photoreceptor rescue in these animals. This effect was
greatest in the region near the injection site; therefore this
region was selected for analysis of rhodopsin, calretinin and
recoverin immunostaining.

Rhodopsin immunostaining in the neuroepithelial layer
was also visibly increased in the eyes that received injection
ofumbilicus-derived cells. The neuroepithelial layer contains
the rods and cones’ outer segments, which are specialized
processes of the photoreceptor neurons located in the ONL.
Rod outer segments (ROS) convert and amplify the light
signal. Mammalian ROS are packed with stack of 1000-2000
flattened disks that are formed by invaginations of the plasma
membrane. The discs of the ROS are responsible for trapping
photons and express a high level of rhodopsin, also known as
visual purple. Rhodopsin is also expressed at a lower level on
the plasma membrane. ROS are renewed and shed by the rod
photoreceptors daily, and the shed ROS are phagocytosed and
recycled by the RPE. Highly saturated rhodopsin immun-
ostaining was significantly increased in umbilicus-derived
cell injected animals compared with controls, indicating the
presence of greater numbers of tightly packed rhodopsin-
expressing ROS in the neuroepithelial layer of the retina. This
further suggests the rescue/preservation of rod photorecep-
tors containing functional outer segments and is consistent
with the result that there is photoreceptor rescue in the ONL.

Immunostaining for the calcium-binding protein, calreti-
nin, was also evaluated. Calretinin is expressed in neurons of
the central nervous system, but its precise function has not yet
been elucidated. In the rat, calretinin expression has been
demonstrated in amacrine cells located in the INL, retinal
ganglion cells in the GCL, and labels 3 bands in the IPL, the
site for synaptic junctions between the INL and GCL. All
three layers staining positively for calretinin were quanti-
tated. While there was not an impressive difference that could
be detected visually in the calretinin staining between control
and umbilicus-derived cell injected eyes, there was a small
but statistically significant increase found morphometrically.
This 1.2 fold increase in overall calretinin immunostaining
suggested a preservation of calretinin-expressing cells in the
retina. Quantitation of calretinin immunostaining was subse-
quently performed on the INL and GCL individually to deter-
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mine if this effect was specific to a particular layer of the
retina. There was no difference in the calretinin staining in the
GCL, however there was a 1.5 fold increase in staining in the
INL, suggesting a preservation of calretinin-expressing cells
in the inner nuclear layer, possibly amacrine cells.

Recoverin immunostaining was performed on the day 60
specimens. Recoverin is a calcium-binding protein localized
to photoreceptor cell bodies in the outer nuclear layer, as well
as midget cone bipolar cells in the inner nuclear layer. Recov-
erin immunostaining was visibly increased in umbilicus-de-
rived cell-injected eyes compared with controls, suggesting a
preservation of one or more cell types. Morphometry was
performed on recoverin staining in the INL. and ONL. There
was a statistically significant increase in recoverin immun-
ostaining in umbilicus-derived cell injected eyes compared
with controls in both layers evaluated, suggesting a preserva-
tion of photoreceptors in the ONL and of recoverin-express-
ing cells in the INL, possibly cone bipolar cells.

Taken together, the increase in ONL thickness, rhodopsin,
calretinin, and recoverin immunostaining in umbilicus-de-
rived cell-injected eyes compared with controls suggest pres-
ervation in the structure of the retina through rescue of pho-
toreceptors, functional rod outer segments and possibly
bipolar neurons responsible for relaying information from the
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Publications cited throughout this document are hereby
incorporated by reference in their entirety. Although the vari-
ous aspects of the invention have been illustrated above by
reference to examples and preferred embodiments, it will be
appreciated that the scope of the invention is defined not by
the foregoing description but by the following claims prop-
erly construed under principles of patent law.

TABLE 1-1

Isolation of cells from umbilical cord tissue
using varying enzyme combinations

Cells Cell
Enzyme Digest Isolated Expansion
Collagenase X X
Dispase +(>10h) +
Hyaluronidase X X
Collagenase:Dispase ++ (<3 h) ++
Collagenase:Hyaluronidase ++ (<3 h) +
Dispase:Hyaluronidase +(>10h) +
Collagenase:Dispase:Hyaluronidase +++ (<3 h) +++
Key:
+ = good,

++ = very good,
+++ = excellent,
X = no success under conditions tested

TABLE 1-2

Isolation and culture expansion of postpartum cells under varying conditions:

Growth
Condition Medium 15% FBS BME Gelatin 20% O2 Factors
1 DMEM-Lg Y Y Y Y N
2 DMEM-Lg Y Y Y N(5%) N
3 DMEM-Lg Y Y N Y N
4 DMEM-Lg Y Y N N(5%) N
5 DMEM-Lg N(2%) Y  N(Laminin) Y EGF/FGF
(20 ng/mL)
6 DMEM-Lg N(2%) Y  N(Laminin) N (5%) EGF/FGF
(20 ng/mL)
7 DMEM-Lg N(2%) Y N (Fibrone) Y PDGF/VEGF
8 DMEM-Lg N(2%) Y N (Fibrone) N(5%) PDGF/VEGF
9 DMEM-Lg Y N Y Y N
10 DMEM-Lg Y N Y N(5%) N
11 DMEM-Lg Y N N Y N
12 DMEM-Lg Y N N N(5%) N
13 DMEM-Lg N(2%) N N (Laminin) Y EGF/FGF
(20 ng/mL)
14 DMEM-Lg N(2%) N  N(Laminin) N (5%) EGF/FGF
(20 ng/mL)
15 DMEM-Lg N(2%) N N (Fibrone) Y PDGF/VEGF
16 DMEM-Lg N(2%) N N (Fibrone) N(5%) PDGF/VEGF
retina to the brain. These results provide support for the ° TABLE 2-1
functional findings that umbilicus-derived cell subretinal
inj ection preserves vision in dyst.rophlc RCS rats. . The mecha- Growth characteristics for different
nism of action of umbilicus-derived cells remains to be elu- .
K R K o cell populations grown to senescence
cidated. There has been no evidence of differentiation of s
umbilicus-derived cells into photoreceptors or other retinal Total
cell types. In fact, only a small fraction (less than 10%) of )
.. o1 L . Population Total Cell
injected umbilicus-derived cells are detectable by quantita- Cell T s Doubli ield
tive RT-PCR for a human-specific gene 60 days post-injec- e pe eriescence oumines '
tion. If the cells do not survive over the course of time in
. X . .60 MSC 24d 8 472E7
which there is a therapeutic effect, perhaps the mechanism is Adi 4 o ASED
that the cells secrete a neurotrophic factor which slows the . 1pose i
apoptotic wave in the photoreceptor population, thereby Fibroblasts 33d 26 282 E13
allowing for preservation of not only photoreceptors, but their Umbilicus 65d 42 6.15E17
supporting cells as well. Umbilicus-derived cells are cur- 65 Placenta 80d 46 249 E19

rently being characterized in vitro to address secretory factors
and mechanistic studies are in progress.
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TABLE 2-2 TABLE 7.1-continued
Growﬂ} characteristics fqr different cell populélitions using Antibody Manufacture Catalog Number
low density growth expansion from passage 10 till senescence
Total 5 CDI117 BD Pharmingen 340529
Population Total Cell CD141 BD Pharmingen 559781
Cell Type Senescence Doublings Yield PDGFr-alpha BD Pharmingen 556002
Fibroblast (P10) 204 .08 oLl HLA-A, B, C BD Pharmingen 555553
1broblast . . .
HLA-DR, DP, D BD Ph: 555558
Umbilicus (P10) 80d 53.6 1.25 E14 - DB DQ - Hharmimgen
Placenta (P10) 60d 32.96 6.09 E12 1o 1gG-FITC Sigma (St. Louis, MO) F-6522
1gG-PE Sigma P-4685
TABLE 3-1
TABLE 9-1
Culture Media 15
Cells analyzed by the microarray study. Cell lines are
Added fetal listed by identification code along with passage at time
bovine serum % of analysis, cell growth substrate and erowth medium.
Culture Medium Supplier (v/v)
Sub-
DMEM low glucose Gibco Carlsbad CA 0,210 20 Cell Population Passage strate Medium
DMEM high glucose Gibco 0,210
RPMI 1640 Mediatech, Inc. 0,210 Umbilicus (022803) 2 Gelatin DMEM, 15% FBS, 2-ME
Herndon, VA Umbilicus (042103) 3 Gelatin DMEM, 15% FBS, 2-ME
Cell gro-free (Serum-free, Mediatech, Inc. — Umbilicus (071003) 4 Gelatin DMEM, 15% FBS, 2-ME
Protein-free Placenta (042203) 12 Gelatin DMEM, 15% FBS, 2-ME
Ham’s F10 Mediatech, Inc. 0,210 Placenta (042903) 4 Gelatin DMEM, 15% FBS, 2-ME
MSCGM (complete with Cambrex, 0,210 25 Placenta (071003) 3 Gelatin DMEM, 15% FBS, 2-ME
seruim) Walkersville, MD ICBM (070203) (5% 02) 3 Plastic MEM, 10% FBS
Complete-serum free Mediatech, Inc. ICBM (062703) (std. O2) 5  Plastic MEM, 10% FBS
w/albumin ICBM (062703) (5% 02) 5 Plastic MEM, 10% FBS
Growth Medium NA — hMSC (Lot 2F1655) 3 Plastic MSCGM
Ham’s F12 Mediatech, Inc. 0,210 hMSC (Lot 2F1656) 3 Plastic MSCGM
Iscove’s Mediatech, Inc. 0,210 30 hMSC (Lot 2F 1657) 3 Plastic MSCGM
Basal Medium Eagle’s Mediatech, Inc. hFibroblast (9F0844) 9  Plastic DMEM-F12, 10% FBS
DMEM/F12 (1:1) Mediatech, Inc. 0,210 hFibroblast (CCD39SK) 4 Plastic DMEM-F12, 10% FBS
TABLE 6-1
Results of PPDC karyotype analysis
Metaphase Metaphase ~ Number of
Tissue passage cells counted cells analyzed karyotypes ISCN Karyotype
Placenta 22 20 5 2 46, XX
Umbilical 23 20 5 2 46, XX
Umbilical 6 20 5 2 46, XY
Placenta 2 20 5 2 46, XX
Umbilical 3 20 5 2 46, XX
Placenta-N 0 20 5 2 46, XY
Placenta-V 0 20 5 2 46, XY
Placenta-M 0 21 5 4 46, XY[18)/46, XX[3]
Placenta-M 4 20 5 2 46, XX
Placenta-N 9 25 5 4 46, XY[5]/46, XX[20]
Placenta-N C1 1 20 5 2 46, XY
Placenta-N C3 1 20 6 4 46, XY[2]/46, XX[18]
Placenta-N C4 1 20 5 2 46, XY
Placenta-N C15 1 20 5 2 46, XY
Placenta-N C20 1 20 5 2 46, XY
Key: N—Neonatal aspect; V—villous region; M—maternal aspect; C—clone
55
TABLE 7.1 TABLE 9-2
Antibody Manufacture Catalog Number The Fuclidean Distances for the Cell Pairs.
CD10 BD Pharmingen (San Diego, 555375 Cell Pair Euclidean Distance
CA) 60
CD13 BD Pharmingen 555394 ICBM-hMSC 24.71
CD31 BD Pharmingen 555446 Placenta-umbilical 25.52
CD34 BD Pharmingen 555821 ICBM-Fibroblast 36.44
CD44 BD Pharmingen 555478 ICBM-placenta 37.09
CD45RA BD Pharmingen 555489 Fibroblast-MSC 39.63
CD73 BD Pharmingen 550257 65 ICBM-Umbilical 40.15
CD90 BD Pharmingen 555596 Fibroblast-Umbilical 41.59
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TABLE 9-5-continued

The Fuclidean Distances for the Cell Pairs.

Cell Pair Euclidean Distance
MSC-Placenta 42.84
MSC-Umbilical 46.86
ICBM-placenta 48.41

TABLE 9-3

Genes shown to have specifically increased expression in the
placenta-derived cells as compared to other cell lines assayed
Genes Increased in Placenta-Derived Cells

NCBI
Accession
Probe Set ID Gene Name Number
209732_at C-type (calcium dependent, carbohydrate- AF070642
recognition domain) lectin, superfamily
member 2 (activation-induced)
206067_s_at Wilms tumor 1 NM_024426
207016_s_at aldehyde dehydrogenase 1 family, member A2 AB015228
206367_at  renin NM_000537
210004 _at oxidized low density lipoprotein (lectin-like) AF035776
receptor 1
214993 at Homo sapiens, clone IMAGE: 4179671, AF070642
mRNA, partial cds
202178 _at protein kinase C, zeta NM_002744
209780_at  hypothetical protein DKFZp564F013 AL136883
204135 _at downregulated in ovarian cancer 1 NM_014890
213542 _at Homo sapiens mRNA; cDNA AI246730

DKFZp547K1113 (from clone
DKFZp547K1113)

TABLE 9-4

Genes shown to have specifically increased expression in the
umbilicus-derived cells as compared to other cell lines assayed
Genes Increased in Umbilicus-Derived Cells

NCBI Accession

Probe Set ID Gene Name Number
202859 _x_at interleukin 8 NM_000584
211506_s_at interleukin 8 AF043337
210222 s_at reticulon 1 BC000314
204470_at chemokine (C-X-C motif) ligand 1 NM_001511

(melanoma growth stimulating

activity
206336_at chemokine (C-X-C motif) ligand 6 NM_002993

(granulocyte chemotactic protein 2)
207850_at chemokine (C-X-C motif) ligand 3 NM_002090
203485_at reticulon 1 NM_021136
202644 s_at tumor necrosis factor, alpha-induced NM_006290

protein 3

TABLE 9-5

Genes shown to have decreased expression in umbilicus- and
placenta-derived cells as compared to other cell lines assayed
Genes Decreased in Umbilicus- and Placenta-Derived Cells

NCBI
Accession
Probe Set ID Gene name Number
210135_s_at short stature homeobox 2 AF022654.1
205824 at heat shock 27 kDa protein 2 NM_001541.1
209687 _at chemokine (C-X-C motif) ligand 12 U19495.1
(stromal cell-derived factor 1)
203666_at chemokine (C-X-C motif) ligand 12 NM_000609.1

(stromal cell-derived factor 1)
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Genes shown to have decreased expression in umbilicus- and
placenta-derived cells as compared to other cell lines assayed
Genes Decreased in Umbilicus- and Placenta-Derived Cells

NCBI
Accession
Probe Set ID Gene name Number
212670_at elastin (supravalvular aortic stenosis, AA4T9278
Williams-Beuren syndrome)
213381_at Homo sapiens mRNA; cDNA No91149
DKFZp586M2022
(from clone DKFZp586M2022)
206201_s_at mesenchyme homeobox 2 NM_005924.1
(growth arrest-specific homeo box)
205817 _at sine oculis homeobox homolog 1 NM_005982.1
(Drosophila)
209283 _at crystallin, alpha B AF007162.1
212793 _at dishevelled associated activator of BF513244
morphogenesis 2
213488 _at  DKFZP586B2420 protein AL050143.1
209763_at similar to neuralin 1 AL049176
205200_at  tetranectin (plasminogen binding protein) NM_003278.1
205743 _at src homology three (SH3) and cysteine rich ~ NM_003149.1
domain
200921_s_at B-cell translocation gene 1, anti-proliferative NM_001731.1
206932 _at cholesterol 25-hydroxylase NM_003956.1
204198 _s_at runt-related transcription factor 3 AA541630
219747_at  hypothetical protein FLI23191 NM_024574.1
204773 _at interleukin 11 receptor, alpha NM_004512.1
202465_at  procollagen C-endopeptidase enhancer NM_002593.2
203706_s_at frizzled homolog 7 (Drosophila) NM_003507.1
212736_at  hypothetical gene BC0O08967 BE299456
214587 _at collagen, type VIII, alpha 1 BER77796
201645_at tenascin C (hexabrachion) NM_002160.1
210239_at iroquois homeobox protein 5 U90304.1
203903_s_at Hephaestin NM_014799.1
205816_at integrin, beta 8 NM_002214.1
203069_at synaptic vesicle glycoprotein 2 NM_014849.1
213909_at Homo sapiens cDNA FLI12280 fis, clone AU147799
MAMMA1001744
206315_at cytokine receptor-like factor 1 NM_004750.1
204401 _at potassium intermediate/small conductance NM_002250.1
calcium-activated channel, subfamily N,
member 4
216331 _at integrin, alpha 7 AK022548.1
209663 _s_at integrin, alpha 7 AF072132.1
213125_at  DKFZP586L.151 protein AW007573
202133 _at transcriptional co-activator with PDZ- AA081084
binding motif (TAZ)
206511_s_at sine oculis homeobox homolog 2 NM_016932.1
(Drosophila)
213435_at  KIAA1034 protein AB028957.1
206115_at early growth response 3 NM_004430.1
213707_s_at distal-less homeo box 5 NM_005221.3
218181_s_at hypothetical protein FLI20373 NM_017792.1
209160_at aldo-keto reductase family 1, member C3 AB018580.1
(3-alpha hydroxysteroid dehydrogenase,
type II)
213905_x_at Biglycan AAR45258
201261_x_at Biglycan BC002416.1
202132_at transcriptional co-activator with PDZ- AA081084
binding motif (TAZ)
214701_s_at fibronectin 1 AJ276395.1
213791 _at Proenkephalin NM_006211.1
205422 _s_at integrin, beta-like 1 NM_004791.1
(with EGF-like repeat domains)
214927_at  Homo sapiens mRNA full length insert AL359052.1
c¢DNA clone EUROIMAGE 1968422
206070_s_at EphA3 AF213459.1
212805_at  KIAAO0367 protein AB002365.1
219789_at  natriuretic peptide receptor C/guanylate Al628360
cyclase C
(atrionatriuretic peptide receptor C)
219054 _at  hypothetical protein FLJ14054 NM_024563.1
213429_at Homo sapiens mRNA; cDNA AW025579
DKFZp564B222
(from clone DKFZp564B222)
204929 _s_at vesicle-associated membrane protein 5 NM_006634.1

(myobrevin)
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TABLE 9-5-continued TABLE 9-8
Genes shown to have decreased expression in umbilicus- and Genes that were shown to have increased expression in the
placenta-derived cells as compared to other cell lines assayed MSC cells as compared to the other cell lines assayed.
Genes Decreased in Umbilicus- and Placenta-Derived Cells 5 Genes Increased in MSC Cells
NCBI interleukin 26
Accession

maltase-glucoamylase (alpha-glucosidase)

Probe Set ID  Gene name Number nuclear receptor subfamily 4, group A, member 2

v-fos FBIT murine osteosarcoma viral oncogene homolog
hypothetical protein DC42
nuclear receptor subfamily 4, group A, member 2

201843 s at EGF-containing fibulin-like extracellular NM_004105.2 10
matrix protein 1
221478 at BCL2/adenovirus E1B 19 kDa interacting AL132665.1

protein 3-like FBJ murine osteosarcoma viral oncogene homolog B

201792_at AR binding protein 1 NM_001129.2 WNTL inducible signaling pathway protein 1
204570_at  cytochrome ¢ oxidase subunit VIa NM_001864.1 MCF.2 cell line derived transforming sequence
polypeptide 1 (muscle) potassium channel, subfamily K, member 15
201621_at  neuroblastoma, suppression of NM_005380.1 cartilage paired-class homeoprotein 1
tumorigenicity 1 Homo sapiens cDNA FLI12232 fis, clone MAMMA1001206
202718_at insulin-like growth factor binding protein 2, NM_000597.1 Homo sapiens cDNA FLI34668 fis, clone LIVER2000775
36 kDa Jjun B proto-oncogene
20 B-cell CLL/lymphoma 6 (zinc finger protein 51)

zinc finger protein 36, C3H type, homolog (mouse)

TABLE 9-6

Genes that were shown to have increased expression in
fibroblasts as compared to the other cell lines assayed. 25
Genes increased in fibroblasts

TABLE 10-1

Primers used

dual specificity phosphatase 2

KIAA0527 protein Primer

Homo sapiens cDNA: FLJ23224 fis, clone ADSU02206 name Primers

dynein, cytoplasmic, intermediate polypeptide 1 30

ankyrin 3, node of Ranvier (ankyrin G) Oxidized S: 5'-GAGAAATCCAAAGAGCA (SEQ ID NO: 1)
inhibin, beta A (activin A, activin AB alpha polypeptide) LDL AATGG-3'

ectonucleotide pyrophosphatase/phosphodiesterase 4 (putative receptor A: 5'-AGAATGGAARACTGGAA (SEQ ID NO: 2)
function) TAGG-3'

KIAA1053 protein

microtubule-associated protein 1A Renin S: 5'-TCTTCGATGCTTCGGAT (SEQ ID NO: 3)
zinc finger protein 41 35 TCC-3!

HSPCO019 protein A: 5'-GAATTCTCGGAATCTCT (SEQ ID NO: 4)
Homo sapiens cDNA: FLI23564 fis, clone LNG10773 GTTG-3'

Homo sapiens mRNA; cDNA DKFZp564A072 (from clone

DKFZpS564A072) Reticulon S: 5'-TTACAAGCAGTGCAGAA (SEQ ID NO: 5)
LIM protein (similar to rat protein kinase C-binding enigma) AACC-3!

inhibitor of kappa light polypeptide gene enhancer in B-cells, 40 A: 5'-AGTAAACATTGAAACCA (SEQ ID NO: 6)

kinase complex-associated protein CAGCC-3!

hypothetical protein FL.J22004
Human (clone CTG-A4) mRNA sequence Inter- $: 5'-TCTGCAGCTCTGTGTGA (SEQ ID NO: 7)

leukin-8 AGG-3!

ESTs, Moderately similar to cytokine receptor-like factor 2;
A: 5'-CTTCAAAAACTTCTCCA (SEQ ID NO: 8)

cytokine receptor CRL2 precursor [Homo sapiens]

transforming growth factor, beta 2 45 CARCC-3!
hypothetical protein MGC29643 )
antigen identified by monoclonal antibody MRC OX-2 Chemoklrlle S: 5'-CCCACGCCACGCTCTCC (SEQ ID NO: 9)
putative X-linked retinopathy protein (cxe) 1i- -3
gand 3 A: 5'-TCCTGTCAGTTGGTGCT (SEQ ID NO: 10)
cCc-3!
50
TABLE 9-7
Genes that were shown to have increased expression in the TABLE 10-2
ICBM-derived cells as compared to the other cell lines assayed
Genes Increased in ICBM Cells IL.-8 protein amount measured by ELISA
55
cardiac ankyrin repeat protein Cell type -8

MHC class I region ORF

integrin, alpha 10 hFibro ND
hypothetical protein FLJ22362 Placenta Isolate 1 ND
UDP-N-acetyl-alpha-D-galactosamine: polypeptide Umb Isolate 1 2058.42 = 144.67
N-acetylgalactosaminyltransferase 3 (GalNAc-T3) 60 Placenta Isolate 2 ND
interferon-induced protein 44 Umb Isolate 2 2368.86 = 22.73
SRY (sex determining region Y)-box 9 (campomelic Placenta Isolate3 (normal O5) 17.27 £ 8.63
dysplasia, autosomal sex-reversal) Placenta Isolate 3 (low O,, W/O 264.92 +9.88

keratin associated protein 1-1 BME)
hippocalcin-like 1

jagged 1 (Alagille syndrome)
proteoglycan 1, secretory granule

Results of the ELISA assay for interleukin-8 (IL-8) performed on placenta- and umbilicus-
65 derived cells as well as human skin fibroblasts. Values are presented here are picograms/

million cells, n = 2, sem.

ND: Not Detected
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TABLE 11-1 TABLE 11-1-continued

Antibodies Antibodies
Antibody Manufacturer Catalog Number s Antibody Manufacturer Catalog Number
HLA-DRDPDQ  BD Pharmingen (San Diego, CA) 555558 . .
CDg0 BD Pharmingen (San Diego, CA) 557227 PD-L.2 BD Pharmingen (San Diego, CA) 337846
CD86 BD Pharmingen (San Diego, CA) 555665 MouseIgG2a  Sigma (St. Louis, MO) F-6522
B7-H2 BD Pharmingen (San Diego, CA) 552502 Mouse Sigma (St. Louis, MO) P-4685
HLA-G Abcam (Cambridgeshire, UK) ab 7904-100 IgGlkappa
CD 178 Santa Cruz (San Cruz, CA) sc-19681

TABLE 11-2

Mixed Lymphocyte Reaction Data - Cell Line B (Placenta)
DPM for Proliferation Assay

Analytical Culture Replicates

number System 1 2 3 Mean SD cv

Plate ID: Platel

IMO03-7769 Proliferation baseline of receiver 79 119 138 112.0 30.12 269
Control of autostimulation (Mitomyecin C treated autologous cells) 241 272 175 229.3 49.54  21.6
MLR allogenic donor IM03-7768 (Mitomycin C treated) 23971 22352 20921 224147 152597 6.8
MLR with cell line (Mitomycin C treated cell type B) 664 559 1090 771.0 281.21 365

SI (donor) 200

SI (cell line) 7

IMO03-7770 Proliferation baseline of receiver 206 134 262 200.7 64.17  32.0
Control of autostimulation (Mitomyecin C treated autologous cells) 1091 602 524 739.0 307.33  41.6
MLR allogenic donor IM03-7768 (Mitomycin C treated) 45005 43729 44071  44268.3 660.49 1.5
MLR with cell line (Mitomycin C treated cell type B) 533 2582 2376 1830.3 112824 61.6

SI (donor) 221

SI (cell line) 9

IMO03-7771 Proliferation baseline of receiver 157 87 128 124.0 3517 284
Control of autostimulation (Mitomyecin C treated autologous cells) 293 138 508 313.0 18581 594
MLR allogenic donor IM03-7768 (Mitomycin C treated) 24497 34348 31388  30077.7 505453  16.8
MLR with cell line (Mitomycin C treated cell type B) 601 643 a 622.0 29.70 4.8

SI (donor) 243

SI (cell line) 5

IMO03-7772 Proliferation baseline of receiver 56 98 51 68.3 2581 37.8
Control of autostimulation (Mitomyecin C treated autologous cells) 133 120 213 155.3 50.36 324
MLR allogenic donor IM03-7768 (Mitomycin C treated) 14222 20076 22168  18822.0 4118.75 21.9
MLR with cell line (Mitomycin C treated cell type B) a a a a a a

SI (donor) 275

SI (cell line) a

IMO03-7768 Proliferation baseline of receiver 84 242 208 178.0 83.16  46.7

(allogenic donor) Control of autostimulation (Mitomycin treated autologous cells) 361 617 304 427.3 166.71  39.0

Cell line type B Proliferation baseline of receiver 126 124 143 131.0 10.44 8.0
Control of autostimulation (Mitomycin treated autologous cells) 822 1075 487 794.7 29495 371

Plate ID: Plate 2

IMO03-7773 Proliferation baseline of receiver 908 181 330 473.0 384.02 81.2
Control of autostimulation (Mitomyecin C treated autologous cells) 269 405 572 415.3 151.76 365
MLR allogenic donor IM03-7768 (Mitomycin C treated) 29151 28691 28315  28719.0  418.70 1.5
MLR with cell line (Mitomycin C treated cell type B) 567 732 905 734.7 169.02 230

SI (donor) 61

SI (cell line) 2

IMO03-7774 Proliferation baseline of receiver 893 1376 185 818.0 599.03  73.2
Control of autostimulation (Mitomyecin C treated autologous cells) 261 381 568 403.3 15471 384
MLR allogenic donor IM03-7768 (Mitomycin C treated) 53101 42839 48283  48074.3 5134.18 107
MLR with cell line (Mitomycin C treated cell type B) 515 789 294 532.7 24797  46.6

SI (donor) 59

SI (cell line) 1

IMO03-7775 Proliferation baseline of receiver 1272 300 544 705.3 505.69  71.7
Control of autostimulation (Mitomyecin C treated autologous cells) 232 199 484 305.0 15589 51.1
MLR allogenic donor IM03-7768 (Mitomycin C treated) 23554 10523 28965  21014.0 9479.74 451
MLR with cell line (Mitomycin C treated cell type B) 768 924 563 751.7 181.05 241

SI (donor) 30

SI (cell line) 1

IMO03-7776 Proliferation baseline of receiver 1530 137 1046 904.3 707.22 782
Control of autostimulation (Mitomyecin C treated autologous cells) 420 218 394 344.0 109.89 319
MLR allogenic donor IM03-7768 (Mitomycin C treated) 28893 32493 34746 32044.0 2952.22 9.2
MLR with cell line (Mitomycin C treated cell type B) a a a a a a

SI (donor) 35

SI (cell line) a
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TABLE 11-3
Average stimulation index of placenta cells and an allogeneic donor in
a mixed lymphocyte reaction with six individual allogeneic receivers
Average Stimulation Index 5
Recipient Placenta
Plate 1 (receivers 1-3) 279 3
Plate 2 (receivers 4-6) 46.25 13
TABLE 11-4
Mixed Lymphocyte Reaction Data- Cell Line A (Umbilicus)
DPM for Proliferation Assay
Analytical Culture Replicates
number System 1 2 3 Mean SD cv
Plate ID: Platel
IM04-2478 Proliferation baseline of receiver 1074 406 391 623.7 390.07 625
Control of autostimulation (Mitomyecin C treated autologous cells) 672 510 1402 861.3 47519 552
MLR allogenic donor IM04-2477 (Mitomycin C treated) 43777 48391 38231  43466.3 5087.12 11.7
MLR with cell line (Mitomycin C treated cell type A) 2914 5622 6109 4881.7 1721.36 353
SI (donor) 70
SI (cell line) 8
IM04-2479 Proliferation baseline of receiver 530 508 527 521.7 11.93 2.3
Control of autostimulation (Mitomyecin C treated autologous cells) 701 567 1111 793.0 283.43 357
MLR allogenic donor IM04-2477 (Mitomycin C treated) 25593 24732 22707 243440 1481.61 6.1
MLR with cell line (Mitomycin C treated cell type A) 5086 3932 1497 3505.0 1832.21 523
SI (donor) 47
SI (cell line) 7
IM04-2480 Proliferation baseline of receiver 1192 854 1330 1125.3 24490 21.8
Control of autostimulation (Mitomyecin C treated autologous cells) 2963 993 2197 2051.0 993.08 484
MLR allogenic donor IM04-2477 (Mitomycin C treated) 25416 29721 23757 26298.0 3078.27 11.7
MLR with cell line (Mitomycin C treated cell type A) 2596 5076 3426 3699.3  1262.39 341
SI (donor) 23
SI (cell line) 3
IM04-2481 Proliferation baseline of receiver 695 451 555 567.0 122.44  21.6
Control of autostimulation (Mitomyecin C treated autologous cells) 738 1252 464 818.0 400.04 489
MLR allogenic donor IM04-2477 (Mitomycin C treated) 13177 24885 15444 178353  6209.52 348
MLR with cell line (Mitomycin C treated cell type A) 4495 3671 4674 4280.0 53495 125
SI (donor) 31
SI (cell line) 8
Plate ID: Plate 2
IM04-2482 Proliferation baseline of receiver 432 533 274 413.0 130.54  31.6
Control of autostimulation (Mitomyecin C treated autologous cells) 1459 633 598 896.7 487.31 543
MLR allogenic donor IM04-2477 (Mitomycin C treated) 24286 30823 31346  28818.3 3933.82 137
MLR with cell line (Mitomycin C treated cell type A) 2762 1502 6723 3662.3 272446 744
SI (donor) 70
SI (cell line) 9
IM04-2477 Proliferation baseline of receiver 312 419 349 360.0 5434  15.1
(allogenic donor) Control of autostimulation (Mitomycin treated autologous cells) 567 604 374 515.0 123.50 240
Cell line type A Proliferation baseline of receiver 5101 3735 2973 3936.3  1078.19 274
Control of autostimulation (Mitomycin treated autologous cells) 1924 4570 2153 2882.3  1466.04 509

TABLE 11-5
Average stimulation index of umbilicus-derived cells and an 55
allogeneic donor in a mixed lymphocyte reaction with five
individual allogeneic receivers.
Average Stimulation Index
60
Recipient Umbilicus
Plate 1 (receivers 1-4) 42.75 6.5

Plate 2 (receiver 5) 70 9 65
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TABLE 12-1
ELISA assay results
MCP-1 IL-6 VEGF SDF-la GCP-2 IL-8 TGF-p2
Fibroblast 171 61 =3 29=+2 19«1 21=1 ND ND
Placenta 60 =3 41 =2 ND ND ND ND ND
(042303)
Umbilicus 1150 =+ 74 4234 = 289 ND ND 160 = 11 2058 = 145 ND
(022803)
Placenta 125 £ 16 101 ND ND ND ND ND
(071003)
Umbilicus 2794 = 84 1356 =43 ND ND 2184 =98 2369 =23 ND
(071003)
Placenta 21 =10 67 =3 ND ND 44 +9 17+9 ND
(101503)
BME
Placenta 77 =16 339 +21 ND 1149 =137 54x2 265 =10 ND
(101503)
5% O,
W/O
BME
(values presented are picograms/milliliter/million cells (n = 2, sem)
Key: ND: Not Detected.
TABLE 12-2
SearchLight Multiplexed ELISA assay results

TIMP1 ANG2 PDGFbb TPO KGF HGF FGF VEGF HBEGF BDNF
hFB 193063 ND ND 2305 50 ND ND 27.9 1.3 ND
P1 24299.5 ND ND 546.6 8.8 164 ND ND 3.81.3 ND
Ul 577184  ND ND 1240.0 58 5593 1487 ND 9.3 165.7
P3 14176.8 ND ND 5687 5.2 102 ND ND 1.9 33.6
U3 21850.0 ND ND 11345 9.0 1956 308 ND 54 388.6
Key: hFB (human fibroblasts), P1 (placenta-derived cells (042303)), Ul (umbilicus-derived cells (022803)), P3 (placenta-
derived cells(071003)), U3 (umbilicus-derived cells (071003)).
ND: Not Detected.

TABLE 12-3
SearchLight Multiplexed ELISA assay results

MIPla MIP1Ib MCP1 RANTES 1309 TARC Eotaxin MDC IL8
hFB ND ND 39.6 ND ND 0.1 ND ND 204.9
P1 79.5 ND 2284 4.1 ND 3.8 12.2 ND 413.5
Ul ND 8.0 1694.2 ND 224 376 ND 189 51930.1
P3 ND ND 102.7 ND ND 0.4 ND ND 63.8
U3 ND 5.2 2018.7 41.5 11.6 21.4 ND 4.8 10515.9
Key: hFB (human fibroblasts), P1 (placenta-derived PPDC (042303)), Ul (umbilicus-derived PPDC (022803)),
P3 (placenta-derived PPDC (071003)), U3 (umbilicus-derived PPDC (071003)).
ND: Not Detected.

50
TABLE 13-1 TABLE 13-2
Summary of Primary Antibodies Used Summary of Conditions for Two-Stage Differentiation Protocol
Antibody Concentration  Vendor COND. A B
55 #  PRE-DIFFERENTIATION 2"¢ STAGE DIFF

Rat 401 (nestin) 1:200 Chemicon, Temecula, CA
Human Nestin 1:100 Chemicon 1 NPE + F (20 ng/ml) + E (20 ng/ml) NPE + SHH
TuJ1 (BIII Tubulin) 1:500 Sigma, St. Louis, MO (200 ng/ml) +
GFAP 1:2000 DakoCytomation, Carpinteria, CA F8 (100 ng/ml)
Tyrosine 1:1000 Chemicon 2 NPE+F (20 ng/ml) + E (20 ng/ml) NPE + SHH
hydroxylase (TH) 60 (200 ng/ml) +
GABA 1:400 Chemicon F8 (100 ng/ml) + RA (1 uM)
Desmin (mouse) 1:300 Chemicon 3 NPE + F (20 ng/ml) + E (20 ng/ml) NPE + RA (1 uM)
alpha-alpha-smooth 1:400 Sigma 4 NPE+F (20 ng/ml) + E (20 ng/ml) NPE + F (20 ng/ml) +
muscle actin E (20 ng/ml)
Human nuclear 1:150 Chemicon 5 NPE + F (20 ng/ml) + E (20 ng/ml) Growth Medium
protein (hNuc) 65 6 NPE+F (20ng/ml) + E 20 ng/ml) Condition 1B +

MP52 (20 ng/ml)
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TABLE 13-2-continued
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TABLE 15-1-continued

Summary of Conditions for Two-Stage Differentiation Protocol

Summary of Primary Antibodies Used

COND. A B Antibody Concentration ~ Vendor
# PRE-DIFFERENTIATION 274 STAGE DIFF 5
Tyrosine hydroxylase  1:1000 Chemicon
7  NPE + F (20 ng/ml) + E (20 ng/ml) Condition 1B + (TH)
BMP7 (20 ng/ml) GABA 1:400 Chemicon
8 NPE +F (20 ng/ml) + E (20 ng/ml) Condition 1B + GFAP 1:2000 DakoCytomation, Carpinteria, CA
GDNF (20 ng/ml) Myelin Basic Protein ~ 1:400 Chemicon
9  NPE + F (20 ng/ml) + E (20 ng/ml) Condition 2B + 10 (MBP)
MP52 (20 ng/ml)
10 NPE +F (20 ng/ml) + E (20 ng/ml) Condition 2B +
BMP7 (20 ng/ml) TABLE 15-2
11 NPE +F (20 ng/ml) + E (20 ng/ml) Condition 2B +
GDNF (20 ng/ml) Quantification of progenitor differentiation in control vs transwell
12 NPE +F (20 ng/ml) + E (20 ng/ml) Condition 3B + 15 co-culture with umbitical-derived cells (E = EGF, F = bFGF)
MP52 (20 ng/ml)
13 NPE +F (20 ng/ml) + E (20 ng/ml) Condition 3B + F +E/Umb F+EF+E F + E/removed
BMP7 (20 ng/ml) Antibody [Cond. 1] [Cond. 4] [Cond. 5]
14  NPE +F (20 ng/ml) + E (20 ng/ml) Condition 3B +
GDNF (20 ng/ml) Tull 8.7% 2.3% 3.6%
15 NPE+F (20 ng/ml) + E (20 ng/ml) NPE + MP52 GEAP 47.2% 30.2% 10.9%
(20 ng/mi) 20 MBP 23.0% 0% 0%
16 NPE+F (20 ng/ml) + E (20 ng/ml) NPE + BMP7 Nestin 13.4% 71.4% 39.4%
(20 ng/ml)
TABLE 18-1
ERG data
a-wave mixed b-wave cone b-wave % rod contribution
Group Untreated Treated Untreated Treated  Untreated Treated Untreated Treated
Sham 60d 0 0 T+9 0 235 12+16 N/A N/A
1(n=4)60d 0 2020 15«2 81 =72 Tx7 50 %19 N/A 30
3 (n=6)60d 0 27«11 18+13 11767 2811  55x25 67 49 16
3 (n=6)90d 0 157 0 37+15 Tx5 16 =11 0 58 £39
N.B. Sham = control (medium only), | = Placental cell transplant, 3 = Umbilical cell transplant
. 40
TABLE 13-2-continued TABLE 19.1
Summary of Conditions for Two-Stage Differentiation Protocol Summary of Primary Antibodies Used
COND. A B , ,
#  PRE-DIFFERENTIATION 2" STAGE DIFF 45 Antibody Concentration  Vendor
17 NPE +F (20 ng/ml) + E (20 ng/ml) NPE + GDNF Rat 401 (nestin) 1:200 Chemicon, Temecula, CA
(20 ng/ml) TuJ1 (BIII Tubulin) 1:500 Sigma, St. Louis, MO
Tyrosine hydroxylase  1:1000 Chemicon
(TH)
50 GABA 1:400 Chemicon
TABLE 14-1 GFAP 1:2000 DakoCytomation, Carpinteria, CA
Summary of Primary Antibodies Used Myelin Basic Protein ~ 1:400 Chemicon
(MBP)
Antibody Concentration Vendor
Tl (BIU Tubulin)  1:500 Sigma, St. Louis, MO 33
GFAP 1:2000 DakoCytomation, TABLE 19-2
Carpinteria, CA
Quantification of progenitor differentiation in control vs transwell
co-culture with umbilical-derived cells (E = EGF, F = bFGF)
60
TABLE 15-1 F + E/Umb F+EF+E F + E/removed
Antibody [Cond. 1] [Cond. 4] [Cond. 5]
Summary of Primary Antibodies Used
Tull 8.7% 2.3% 3.6%
Antibody Concentration  Vendor GFAP 47.2% 30.2% 10.9%
MBP 23.0% 0% 0%
Rat 401 (nestin) 1:200 Chemicon, Temecula, CA 65 Nestin 13.4% 71.4% 39.4%
TuJ1 (BIII Tubulin) 1:500 Sigma, St. Louis, MO
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TABLE 22-1

US 9,234,172 B2

TUNEL Area Analysis at Post Natal Day 29

P29 (8 days post treatment)
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TABLE 26-3

Reagents used in Master Mix for the RT-PCR reaction:

Group DAPI+ area (pixels) % TUNEL+ Component:
Congenic untreated (healthy) 373,812 £ 12,832 0.2 £0.2%
Dystrophic-untreated — — TagMan ® Gene
Dystrophic-sham (vehicle only) 222,016 23,242 16.0 £2.3% . .
Dystrophic-hUTC injected 229,666 + 6,383 6.6 £0.5% 10 Master Mix ~ c¢DNA  dH,0  Expression Assays
(20,000 cells)
Amount: 10 puL 3puL 6 uL 1pL
TABLE 25-1
Integrin hUTC ARPE-19 Fetal RPE * 15
al - - +
a2 + - +
a3 + + +
a4 + + +
as + + +
p1 + + + 20
as pl - - +
a2pl + + + TABLE 26-4
TagMan ® gene expression assays for real time RT-PCR analysis:
25
Taqman Gene Proposed function
Abbreviation Name Expression Assay in the eye
TABLE 26-1 ]
30 CRALBP Cellular HS00165632_ml Regeneration of
Reagents used in first step in SuperScript III First-Strand Synthesis: retinaldehyde- visual pigment in RPE
Component: binding protein
MERTK c-mer proto HS00179024_ml  ROS phagocytosis
50 pM 10 mM ROS i lizati
Total RNA  oligo(dT)20 dNTP mix DEPC-treated water 35 oncogene ( internalization)
tyrosine kinase
Amount: 2ug 2 uL 2ul. Toraise volume to 20 pL.
GAS6 growth arrest ~ Hs00181323_ml  ROS phagocytosis
specific-6 (ROS internalization)
(ligand for
40 MERTK)
CD36 lipid scavenger HS00169627_ml ROS phagocytosis
receptor CD36 (ROS internalization)
INTaV Integrin Hs00233808_ml  ROS phagocytosis
45 alphaV ROS bindin
TABLE 26-2 P ( ¢
INTBS Integrin beta 5 Hs00174435_ml  ROS phagocytosis
Reagents used in cDNA Synthesis Mix: (ROS binding)
Component: CATD Cathepsin D Hs00157205_ml  ROS degradation
. 50 (lysosomal enzyme)
10X RT 25mM RNaseOUT. SuperScript.
buffer MgCl, O0.IMDTT (40 U/ul) III RT CFH Complement HS00164830_ml Mediates inflammation
Amount: 4L 8L 4L 2L 2L Factor H
TABLE 26-5
Calculated (JCT values for each target. Values were normalized to GAPDH (endogenous
control). Fold change is 22, Smaller [JCT values represent increased gene expression.
MERTK CRALBP  GAS6 INTAV INTB5 CD36 CATHD CFH
Untreated 16612 21£39 35%03 5522 29204 144+10 21=15 82=x02
hUTC 11.8£0.6 14326 50x1.1 25%05 3.0+1.5 15313 03x06 2802

Treament
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TABLE 27-4
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TABLE 27-4-continued

Trophic Factor Secretion by hUTC

Trophic Factor Secretion by hUTC

Sample hUTC hUTC hFlb. hFib. Sample hUTC hUTC hFlb. hFib.
FGF-b pg/ml/million 64.06 74.00 7.43 7.64 NT-proBN pg/ml/million 24.14 2191 14.92 12.56
HGF pg/ml/million 980.23 703.24 37.76 30.54 TGFb pg/ml/million 662.45 71824 114450 298.62
KGF pg/ml/million 50.78 41.15 81.28 63.43
VEGF pg/ml/million 118.00 90.80 202.52 165.96
GRO-a pg/ml/million 3758.52 2398.48 795.43 760.72
MCP1 pg/ml/million 948.56 625.71 218.83 18295 10 TABLE 27-5
GMCSF  pg/ml/million 400.16 267.54 129.11 150.81
1L6 pg/ml/m}ll}on 103.57 69.23 75.39 55.46 IGF Secretion buy hUTC
IL8 pg/ml/million 7308.60 3832.09 3843.18 2781.39
TNFa pg/ml/m%ll%on 21.72 6.91 6.91 6.91 IGF (ng/ml/million) sD
B-NGF pg/ml/million 5.16 1.18 10.06 8.28
BDNF pg/ml/million 525.38 432.08 220.41 191.69 15 hUTC 43529.41 43.53
CNTF pg/ml/million 102.11 74.58 55.06 10.00 Fib 24759.26 24.70
NT-3 pg/ml/million 33.29 16.78 22.87 21.38
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 10
<210> SEQ ID NO 1
<211> LENGTH: 22
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 1
gagaaatcca aagagcaaat gg 22
<210> SEQ ID NO 2
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 2
agaatggaaa actggaatag g 21
<210> SEQ ID NO 3
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 3
tecttecgatge ttcggattcece 20
<210> SEQ ID NO 4
<211> LENGTH: 21
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
<400> SEQUENCE: 4
gaattctegg aatctectgtt g 21

<210>

SEQ ID NO 5
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-continued
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<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 5

ttacaagcag tgcagaaaac ¢

<210> SEQ ID NO 6

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 6

agtaaacatt gaaaccacag cc

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 7

tctgcagete tgtgtgaagyg

<210> SEQ ID NO 8

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 8

cttcaaaaac ttctccacaa cc

<210> SEQ ID NO 9

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 9

cccacgecac gctetec

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 10

tcctgtcagt tggtgetec

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

21

22

20

22

17

19
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What is claimed is:

1. A method of inducing differentiation of neural progeni-
tor cells comprising co-culturing neural progenitor cells with
isolated umbilicus-derived cells isolated from human umbili-
cal cord tissue substantially free of blood, wherein the co-
culturing induces the differentiation of the neural progenitor
cells, and wherein the isolated umbilicus cells are capable of
self-renewal and expansion in culture, have the potential to
differentiate into cells of at least a neural phenotype, maintain
a normal karyotype upon passaging and lack production of
CD117.

2. The method of claim 1, wherein the neural progenitor
cells differentiate into mature neurons, astrocytes or mature
oligodendrocytes.

3. The method of claim 2, wherein the differentiated cells
are positive for Tull, GFAP, or MBP.

4. The method of claim 1, wherein the differentiated cells
lack expression of nestin.

5. The method of claim 1, wherein trophic factors secreted
by the isolated umbilicus-derived cells induce differentiation.

6. The method of claim 1, wherein the isolated umbilicus-
derived cells further have the following characteristics:

a) potential for at least 40 population doublings in culture;

b) production of CD10, CD13, CD44, CD73, and CD90;

¢) lack of production of CD31, CD34, CD45, and CD141,

and

d) increased expression of genes encoding interleukin 8

and reticulon 1 relative to a human cell that is a fibro-
blast, a mesenchymal stem cell, or an iliac crest bone
marrow cell.

7. The method of claim 6, wherein the isolated umbilicus-
cells are positive for HLA-A,B,C, and negative for HLA-DR,
DPDQ.

8. A method of increasing yield of differentiated neural
progenitor cells comprising co-culturing neural progenitor
cells with isolated umbilicus-derived cells isolated from
human umbilical cord tissue substantially free of blood,
wherein the co-culturing increases the yield of the differen-
tiated neural progenitor cells, and wherein the isolated umbi-
licus cells are capable of self-renewal and expansion in cul-
ture, have the potential to differentiate into cells of at least a
neural phenotype, maintain a normal karyotype upon passag-
ing and lack production of CD117.

9. The method of claim 8, wherein the differentiated cells
are mature neurons, astrocytes or mature oligodendrocytes.

10. The method of claim 9, wherein the differentiated cells
are positive for Tull, GFAP, or MBP.

11. The method of claim 9, wherein the differentiated cells
lack expression of nestin.

20
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12. The method of claim 8, wherein the isolated umbilicus-
derived cells further have the following characteristics:

a) potential for at least 40 population doublings in culture;

b) production of CD10, CD13, CD44, CD73, and CD90;

¢) lack of production of CD31, CD34, CD45, and CD141,

and

d) increased expression of genes encoding interleukin 8

and reticulon 1 relative to a human cell that is a fibro-
blast, a mesenchymal stem cell, or an iliac crest bone
marrow cell.

13. The method of claim 9, wherein the isolated umbilicus-
derived cells are positive for HLA-A,B,C, and negative for
HLA-DR,DP,DQ.

14. A method ofinducing differentiation of neural progeni-
tor cells comprising contacting neural progenitor cells with
isolated umbilicus-derived cells isolated from human umbili-
cal cord tissue substantially free of blood, wherein the con-
tacting induces the differentiation of the neural progenitor
cells, and wherein the isolated umbilicus cells are capable of
self-renewal and expansion in culture, have the potential to
differentiate into cells of at least a neural phenotype, maintain
a normal karyotype upon passaging and lack production of
CD117.

15. The method of claim 14, wherein the neural progenitor
cells differentiate into mature neurons, astrocytes or mature
oligodendrocytes.

16. The method of claim 14, wherein the differentiated
cells are positive for Tull, GFAP, or MBP.

17. The method of claim 14, wherein the differentiated
cells lack expression of nestin.

18. A method of increasing yield of differentiated neural
progenitor cells comprising contacting neural progenitor
cells with isolated umbilicus-derived cells isolated from
human umbilical cord tissue substantially free of blood,
wherein the contacting increases the yield of the differenti-
ated neural progenitor cells, and wherein the isolated umbi-
licus cells are capable of self-renewal and expansion in cul-
ture, have the potential to differentiate into cells of at least a
neural phenotype, maintain a normal karyotype upon passag-
ing and lack production of CD117.

19. The method of claim 18, wherein the differentiated
cells are mature neurons, astrocytes or mature oligodendro-
cytes.

20. The method of claim 18, wherein the differentiated
cells are positive for Tull, GFAP, or MBP.

21. The method of claim 18, wherein the differentiated
cells lack expression of nestin.
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